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PART  I 


INTRODUmON 


1-01.  Location  and  Description  of  Proiftct,  This  project, "The  San  Antonio 
River  and  San  Pedro  Greek  Tunnels,  Phase  II-Tunnels  and  Shafts,"  is  part  of 
the  broader  San  Antonio  Channel  Improvement  Project.  The  latter  is  a  flood 
control  project  for  the  upper  San  Antonio  River  and  four  tributaries -- 
Martinez,  Alazan,  Apache,  and  San  Pedro  Creeks.  The  subject  of  this  report  is 
a  tunnel  constinicted  on  San  Pedro  Creek. 

San  Pedro  Creek  Tunnel  is  the  shorter  of  the  two  inverted  siphon  tunnels  which 
have  been  designed  to  prevent  flooding  in  downtown  San  Antonio,  Texas.  Both 
tunnels  are  of  the  same  design  and  same  general  dimensions,  and  have  been 
excavated  by  the  same  tunnel  boring  machine  (TBM) .  Each  tunnel  will  divert 
flood  waters  from  its  respective  drainage  into  an  inlet  shaft  located  upstream 
from  the  cityi  and  transfer  the  water  beneath  the  city  to  an  outlet  shaft 
downstream.  San  Pedro  Creek  Tunnel  extends  5,985  feet  from  the  center  of  the 
inlet  shaft  to  the  center  of  the  outlet  shaft.  The  longer  San  Antonio  River 
Tunnel,  the  subject  of  a  later  report,  extends  16,225  feet  between  the  centers 
of  its  inlet  and  outlet  shafts. 

The  subject  tunnel  follows  the  course  of  San  Pedro  Creek  in  an  easterly  arc 
between  Interstate  Highway  35  on  the  north  and  Guadalupe  Street  on  the  south. 
The  tunnel  slopes  downstream  at  a  gradient  of  .002  from  an  invert  depth  of  117 
feet  (elev.  506)  at  the  inlet  to  145  feet  (elev.  494)  at  the  outlet.  The 
lining  is  12- inch  thick  precast  concrete  which  gives  an  inside  tunnel  diameter 
of  24  feet  4  inches. 

There  are  seven  shafts  along  San  Pedro  Creek  Tunnel.  The  inlet  shaft  is 
located  just  south  of  the  intersection  of  Interstate  Highways  35  and  10,  and 
lies  between  Santa  Rosa  Street  on  the  west  and  Camaron  Street  on  the  east.  It 
has  a  cast- in-place  concrete  liner  with'  a  I.D.  of  24  feet  4  inches.  An 
18-foot  I.D.  cast-in-place  concrete  maintenance  shaft  is  located  approximately 
100  feet  south  of  the  Travis  Street  Bridge  and  just  west  of  Cameron  Street. 

Two  4-foot  I.D. steel  pipe  ventilation  shafts  are  located  respectively  about 
100  feet  south  of  Salinas  Street  and  about  100  feet  north  of  Durango  Street. 
Two  12 -inch  I.D.  steel  pipe  shafts  are  located  respectively  within 
approximately  150  feet  of  the  inlet  shaft  and  the  outlet  shaft;  these  shafts 
facilitate  hydraulic  instrumentation  measurements  once  the  tunnel  is  in 
operation.  The  outlet  shaft  is  located  about  130  feet  north  of  Guadalupe 
Street  just  west  of  San  Pedro  Creek;  it  is  lined  with  cast-in-place  concrete 
to  an  I.D.  of  35  feet. 

1-02.  Construction  Authority.  Construction  of  the  San  Antonio  Channel 
Improvement  Project  was  authorized  in  the  Flood  Control  Act  of  1954  which  was 
approved  on  September  3,  1954  (Public  Law  780,  83rd  Congress,  2nd  Session). 
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1-03.  Purpose  o£  Report.  The  objective  of  this  report  is  to  describe  Che 
foundation  conditions  encountered  during  the  construction  of  the  subject 
tunnel  and  shafts.  It  is  also  inteiided  to  be  a  consolidated  record  of  the 
foundation  related  construction  operations  and  an  information  source  for 
future  reference.  The  report  is  to  be  a  part  of  the  permanent  project 
engineering  and  construction  record,  and  will  provide  background  knowledge  fcr 
evaluation  of  any  future  structural  problems  or  further  foundation  studies. 

1-04.  Contractor  and  Contract  Supervision.  Ohbayashi  Corporation  of  Tokyo, 
Japan  and  San  Francisco,  California  was  awarded  construction  of  the  ''San 
Antonio  River  and  San  Pedro  Creek  Tunnels,  Phase  II  -Tunnels  and  Shafts"  under 
Contract  No.  DACW63-87-C-0109  on  September  23,  1987.  The  contract  amount  was 
$47,750,000.40.  The  Notice  to  Proceed  was  issued  on  October  30,  1987,  and  the 
contractor  acknowledged  receipt  on  November  3,  1967. 

Subcontractors  to  Ohbayashi  on  the  San  Pedro  Creek  Tunnel  Included  Boretec 
Inc.  of  Solon,  Ohio  who  selected  and  re-manufactured  a  used  TBH  for  the  job; 
Sehulster  Company  Inc.,  of  Milwaukee,  Uisconsin,  who  manufactured  the  precast 
concrete  liner  segments  at  a  plant  established  in  San  Antonio;  Uoodward-Clyde 
Consultants  of  Houston,  Texas  who  were  responsible  for  the  specified 
geotechnical  instrumentation  program;  Cato  Electric  and  Drilling  of  San 
Antonio  who  constructed  the  concrete  soldier  piers  for  the  maintenance  shaft, 
Beck  Foundation  Company  of  San  Antonio  who  drilled  the  maintenance,  vent,  and 
hydraulic  instrumentation  shafts,  and  J-Mar  Construction  who  contracted  the 
muck  hauling. 

Quality  control  was  provided  by  the  principal  contractor.,  Ohbayashi 
Corporation.  The  contractor  was  required  to  establish  and  maintain  an 
effective  quality  control  system  consisting  of  plans,  procedures,  and 
organization  to  insure  the  contract  requirements  in  materials,  equipment, 
workmanship,,  fabrication,  and  construction  operations.  A  quality  control 
system  manager  (Mr.  Lindy  White)  from  within  the  contractor's  organization  was 
required  to  be  at  the  worksite  with  responsibility  for  regulating  all  quality 
control  matters.  A  fully  qualified  staff  was  required  under  the  system 
manager  with  necessary  experience  and  technical  training  to  perform  all 
quality  control  activities.  Records  and  tests  of  the  contractor's  quality 
control  throughout  the  construction  operations  were  furnished  to  the 
Government,  as  directed  by  the  Contracting  Officer.  The  entire  work  was 
subject  to  inspection  and  testing  by  the  Government  as  quality  assurance  prior 
to  acceptance. 

Ohbayashi  Corporation's  contract  supervision  was  provided  by  Mr.  Kaname 
Tonoda,  General  Manager  In  the  San  Francisco  Office,  Mr  Carl  Linden,  on-slte 
Project  Sponsor,  and  Mr.  Paul  Zlck,  on-slte  Project  Manager. 

The  Government's  contract  administration  and  quality  assurance  was  provided 
under  Col.  William  D  Brown,  the  Contracting  Officer.  Mr  Keith  M.  Allen  was 
the  Resident  Engineer  and  Authorized  Representative  of  the  Contracting 
Officer. 

1-05  Disnutes  Review  Board.  The  Disputes  Review  Board  was  an  advisory  body 
created  by  mutual  agreement  between  tl.e  Government  and  Ohbayashi  Corporation 
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to  assist  in  the  resolution  of  disputes  or  claims  arising  out  of  the  project. 
The  process  was  a  voluntary,  expedited  and  non- judicial,  non-binding  mediation 
procedure,  whereby  an  independent  three-party  Board  was  presented  with 
Government -Contractor  disputes  for  expert  evaluation,  recoimnendations ,  and 
possible  resolution. 

The  Board  consisted  of  one  member  selected  by  the  Government,  Mr.  Ronald  E. 
Heuer,  one  member  selected  by  Ohbayashi,  Mr.  P.E.  Sperry,  and  the  final 
member,  Mr.  Robert  J.  Smith,  who  was  selected  by  the  first  two  members. 

The  Government  and  the  Contractor  were  required  to  mutually  agree  to  submit  a 
dispute  to  the  Disputes  Review  Board,  and  the  Board's  resulting  recom¬ 
mendations  were  non-binding  to  either  party.  If  the  dispute  remained 
unresolved  after  30  days  following  the  receipt  of  the  Board's  recommendations 
the  Contractor  could  submit  a  request  for  a  Contracting  Officer's  Decision 
under  the  ''Disputes"  clause  of  the  contract. 

This  report  was  prepared  by  the  Resident  Geologist,  Mr.  Roy  Crutchfield, 
during  construction  of  the  subject  tunnel.  The  Resident  Engineer  was  Mr. 

Keith  Allen  who  succeeded  Mr.  Bob  Wortham  in  November  1988.  The  Chief  of 
Construction  Division  was  Mr,  Shlgeru  Fujiwara.  The  Fort  Worth  District 
Engineer  was  Colonel  John  Schaufelberger  succeeded  by  Colonel  William  Brown  in 
September  1989. 

Consultation  and  support  in  preparation  of  the  report  was  provided  by  the  Fort 
Worth  District  Geotechnical  Branch,  Engineering  Division.  Mr.  Mel  Green  was 
Chief  of  Geotechnical  Branch,  Mr.  Bob  Behm  was  Chief  of  Engineering  Geology 
Section,  and  Hr.  Harlan  Karbs  was  Chief  of  the  Soils  Design  Section. 


a.  Design  Summary  Report  with  Appendices  A  and  B,v  San  Antonio  River 
and  San  Pedro  Creek  Tunnels,  Phase  II  -Tunnels  and  Shafts ,,  Solicitation  No. 
DACW63-87-B-0085,,  dated  May  1987. 

b.  Design  Memorandum  No.  5,,  Part  III,.  Supplement  I,^  Construction  Unit 
7-3-1,  dated  November  1985. 

c.  Geologic  Atlas  of  Texas San  Antonio  Sheet,  Project  Director  Virgil 
E.  Barnes,  Univ  of  Texas  at  Austin,  Bureau  of  Economic  Geology,  1983  revised 
edition. 

d.  A  Revision  of  Taylor  Nomenclature,  Upper  Cretaceous,  Central  Texas 
by  Keith  Young,  Bureau  of  Economic  Geology,  Geological  Circular  65-3,  dated 
May  1965 


e.  Ground-Water  Geology  of  Bexar  County,  Texas  by  Ted  Arnow, 
Geological  Survey  Water-Supply  Paper  1588,  dated  1963. 


f.  Geologic  Map  of  Bexar  County,  Texas  by  A  N.  Sayre, 
(with  modifications  by  Lang,  Brown,  Mitchell,  and  Arnow  dated 


dated  1932-33 
1959). 
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g.  The  Geology  of  Texas,  Volume  I,  Stratigraphy  by  Sellards,  Adkins, 
and  Plummer.  The  University  of  Texas  Bulletin  No.  3232,  dated  August  1932. 


A 


PART  II 


FOUNDATION  EXPLORATIONS 


2-01.  Investigation  Prior  to  Construction.  Subsurface  investigations  prior 
to  tunneling  consisted  of  25  borings  drilled  In  five  phases  as  the  channel 
improvement  plan  for  this  reach  of  San  Pedro  Creek  developed.  The  borings 
ranged  from  23-foot  deep  auger  holes  to  180>foot  deep  core  holes, 
and  provided  3,085.9  linear  feet  of  drilling  exploration.  Overburden  was 
usually  drilled  with  6  to  8-inch  augers  except  when  undisturbed  samples  were 
taken  with  6-inch  Denison  Barrel  or  4-inch  Shelby  Tube.  The  primary  foznation 
was  drilled  with  fishtail  bits  or  4  to  6-inch  core  bj»rrel;^.  All  of  the 
borings  were  drilled  under  supervision  of  the  Corps  of  Engineers'  Fort  Vortn 
District  Office  with  either  a  Corps  drill  rig  and  crew  or  by  contract  driller 
with  a  Corps  geologist.  All  on-site  material  evaluation,  logging,  and 
photographing  was  performed  by  a  Corps  geologist.  Electric  logs  including 
resistivity,  gamma,  and  caliper  were  obtained  on  the  deeper  borings,  however, 
due  to  malfunctions  of  the  resistivity  equipment,  the  gamma  logs  proved  most 
reliable  and  consistent  for  strata  correlations. 

The  first  five  borings  were  drilled  along  the  tunnel  alignment  in  June  1975 
and  May  1981  as  shallow  investigations  for  flood  capacity  improvements  planned 
for  the  San  Pedro  Creek  channel.  This  plan  was  replaced  by  the  tunnel 
project,  but  the  borings  provided  relevant  near-surface  information.  These 
first  five  borings  were  8A-223,  6DC-235,  6DC-236,  6DC-237,  and  6DC-238  which 
extended  to  respective  depths  of  23.0,  55  3,,  52.0,^  48.0,,  and  51.5  feet 

In  March  and  May  of  1984,  the  first  tunnel  alignment,  which  was  a  straight 
course  between  the  present  inlet  and  a  planned  outlet  near  Durango  Street,  was 
explored  with  six  borings.  Boring  6DC-279  at  the  inlet  and  Boring  6DC-287  at 
the  outlet  obtained  undisturbed  samples  through  the  overburden  with  a  6- 
inch  Denison  Barrel  and  took  6 -inch  continuous  core  samples  through  the 
primary  formation.  The  remaining  four  borings,  6A4C-280,;  6A4C-281,  6A4C-282, 
and  6A4C-285,  were  core  sampled  only  below  elevation  540,,  generally  from  20 
feet  above  the  tunnel  crown  to  20  feet  below  the  invert.  The  material  above 
elevation  540  was  drilled  with  rockbits  in  primary  strata  and  predominantly 
with  augers  in  overburden.  The  only  exception  to  this  procedure  was  that 
Boring  6A4C-285  was  drilled  with  a  fishtail  bit  in  the  bottom  10  feet 

The  initial  straight  alignment  was  abandoned  in  mid  1984  in  favor  of  a  shorter 
version  of  the  current  alignment  which  underlies  the  curved  meander  of  San 
Pedro  Creek  The  maximum  separation  of  the  two  alignments  was  only  about  750 
feet;  therefore,  it  was  decided  that  the  new  alignment  could  be  evaluated 
through  electric  log  correlations  between  fishtail  borings  rather  than 
obtaining  additional  core  samples.  Consequently,  Borings  3F-283,  3F-284, 
3F-295,  AND  3F-296  were  drilled  with  8  and  10- inch  augers  to  a  depth  of  about 
40  feet  followed  by  5  7/8- inch  fishtail  bits  to  total  depths  of  180 
feet,  approximately  20-feet  below  Invert  elevation.  One  additional  core 
boring,  6A4C-286,  was  drilled  about  midway  along  the  new  alignment.  It  was 
augured  to  a  depth  of  51.5  feet  and  then  cored  with  a  5  1/2 -inch  core  barrel 
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to  a  depth  of  180  feet.  All  five  of  these  boring  vere  drilled  in 
August  and  Septeiher  1984. 

In  1985,  ti>e  tunnel  alignaent  vas  extended  1,718  feet  dovnstreaa  to  obtain  an 
outlet  site  idiich  could  provide  a  larger  staging  area  for  construction.  This 
vas  the  present  outlet  site  vhich  is  just  nor^  of  Guadalupe  Street  and 
adjacent  to  San  Pedro  Creek.  Therefore,  the  final  allgnent  vas  established, 
and  fotir  borings  vere  added  in  1985  and  1986  to  complete  design  investigations 
for  the  tunnel  and  shafts.  Boring  6DC'302  vas  drilled  at  the  final  outlet 
shaft  location.  Overburden  for  6DC>302  vas  augured  in  the  upper  4.5  feet, 
drilled  vith  6>inch  Denison  Barrel  fron  4.5  feet  to  22.5  feet,  and  augured 
again  froa  22.5  feet  to  just  vithin  weathered  priaary  aaterlal  at  the  31.5 
depth.  The  priaary  fomation  vas  then  cored  with  a  6>inch  barrel  to  a  depth 
of  18C  feet.  Boring  6A4C-303,  located  nidway  on  the  aligment  extension,  vas 
augured  to  23.0  feet  and  cored  vi^  a  4* inch  barrel  to  180  feet.  Boring 
6A4C-304,  at  Kueva  Street,  vas  augured  to  40.5  feet,  flsbtailed  froa  40.5  to 
100.0  feet  and  cored  with  5  1/2  -  Inch  barrel  to  the  total  depth  of  165.0  feet. 
Boring  6A4C-305,  at  Harcin  Street,  was  augured  to  40.8  feet,  followed  by 
rockbit  to  a  depth  of  100  feet,  and  then  4-inch  cored  to  165.0  feet. 

Finally,  five  additional  borings  vere  drilled  at  the  inlet  and  outlet  sites  in 
April  1986.  These  vere  shallow  investigations  primarily  for  design  of  the 
Inlet  and  outlet ^surface  structures.  The  borings  vere  6D4C-306,  6D4C-307, 
6D4C-308,  4S4C-314,  and  4S4C-315  which  had  respective  depths  of  31.0,  28.0, 
33.0,  54.5,  and  49.0  feet.  (Note:  Letter  designations  in  boring  ausbers 
represent  method  of  drilling  and  sampling  as  follows:  A  •  auger,  C  -  core 
barrel,  D  -  Denison  Barrel,  F  -  fishtail  bit,  S  -  Shelby  Tube.  Numbers 
preceding  these  letters  indicate  the  diaoeter  of  boring.  Logs  of  design 
borings  are  in  Appendix  F.) 

2-02.  Investigations  Durinp  Construction.  There  was  no  exploratory  drilling 
during  construction,  although  sozte  additional  core  sampling  was  required  as 
part  of  the  geotechnical  Instrumentation  program. 

Core  samples  vere  taken  in  Borings  X-l  and  X-2.  These  borings  vere  drilled 
for  the  installation  of  vertical  6-position  cxtensomcters  above  the  tunnel  at 
Stations  143+75  and  158+47  respectively.  Core  from  both  borings  confirmed 
that  the  primary  formation  at  those  stations  vas  massive,  unfractured, 
calcareous  clay  shale.  Boring  X-1  was  augured  12  feet  Into  unveathered  shale 
to  a  depth  of  48  feet,  and  then  NX  size  (2.155  inches  dia  )  core  vas  taken  to 
the  total  depth  (logs  in  Appendix  G)  NX  core  samples  were  also  taken  in  7 
borescope  observation  holes  drilled  in  the  tunnel  walls  at  each  of  the 
following  stations;  143+63,  143+71,  143+79,  143+87,  143+95,  158+39,  158+47, 
and  158+55.  This  was  a  total  of  56  borings  drilled  to  an  approximate  depth  of 
8  feet.  Each  group  of  7  borings  had  a  45  degree  spacing  around  the  tunnel 
circumference,  starting  at  45  degrees  from  the  invert  centerline;  no  boring 
was  drilled  in  the  invert.  The  material  was  massive,  calcareous  clay  shale 
with  occasional  fracturing,  due  primarily  to  stress  relief  around  the  tunnel 
excavation. 
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3-01.  Eezlonal  Geologr. 

a.  PhvsioeraDhv.  The  San  Pedro  Creek  Ttxnnel  is  locaced  where  the 
northeast  trending  Balcooes  fault  zone  foras  tbe  boundary  between  two 
pt^slographic  provinces,  the  Edvards  Plateau  to  the  northwest  and  the  Gulf 
Coastal  Plain  to  the  southeast.  The  Edwards  Plateau  is  located  on  the 
upthrown  side  of  the  fault  zone  with  an  altitude  ranging  fron  about  1,100  to 
2,500  feet.  It  is  a  rugged  and  hilly  upland  dissected  by  the  headwaters  of 
raserous  streaas.  linestone.  which  dips  slightly  to  southeast,  has 
provided  the  resistant  erosional  surface  of  tiie  plateau  and  caps  the  rennant 
hills.  Between  elevations  1,100  and  600  feet,  the  Balcones  fault  zone  fons 
an  abrupt  transition  fron  the  hill  country  in  the  northwest  to  the  rolling 
plains  in  the  southeast.  The  zone  is  aarked  by  fault  escarpaients  in  places, 
but  lacks  topographic  e3q>ression  where  foraations  on  both  sides  of  the  faults 
are  equally  resistant  to  erosion,  such  as  along  the  tunnel  alignaent.  The 
fault  blocks  are  CMqK>sed  predoainantly  of  linestone  and  shale  beds  which  dip 
gently  southeastward.  Ihe  Gulf  Coastal  Plain  lies  below  elevation  600  on  the 
downthrovn  side  of  the  fault  zone.  It  is  a  rolling  prairie  underlain  largely 
by  beds  of  clay  and  poorly  consolidated  sand.  The  regional  dip  is  greater  in 
this  province,  continuing  southeastward  toward  the  Gulf  of  Mexico. 

b.  Stratigraphy.  The  regional  stratigraphy  consists  of  Recent  to 
Pliocene  aged  alluvial  deposits  underlain  by  sediaientary  formations  of  the 
Tertiary  to  Cretaceous  Periods.  The  alluvial  deposits  consist  of  various 
coobinations  of  gravel,  sand,  silt,  and  clay  with  occasional  cobbles  and 
boulders  in  places.  They  are  predominantly  fluviatile  floodplain  and  terrace 
deposits  of  tdiich  the  oldest  two  have  been  formally  named,  the  Leona  Formation 
(lover  Pleistocene)  and  the  Uvalde  Gravel  (Pliocene).  The  imderlying  Tertiary 
formations  are  of  the  Eocene  and  Paleocene  time  epochs.  These  consist  of 
clay,  lignite,  sand,  and  sandstone  of  the  Claiborne,  Uilcox,  and  Midway 
Groups.  Cretaceous  formations  are  contained  in  the  Navarro  and  Taylor  Groups 
of  the  Gulf  Series  and  consist  mostly  of  shale,  clay  shale  or  claystone, 
limestone,  and  sandstone.  The  Taylor  is  discussed  more  fully  in  succeeding 
paragraphs  as  it  relates  to  the  project  geology. 

c.  Structure .  The  regional  structure  may  be  divided  into  three 
distinctive  areas:  The  nearly  flat  and  relatively  undisturbed  beds  of  the 
Edwards  Plateau;  the  gently  dipping  but  faulted  and  folded  beds  of  the 
Balcones -Luling  fault  zones;  and  the  southeast  dipping  monocline  of  the  Gulf 
Coastal  Plain.  The  rock  formations  strike  east*norcheast  and  dip 
south-southeast  throughout  the  region.  The  average  formation  dip  in  the 
Edwards  Plateau  ranges  from  10  to  15  feet  per  mile,  but  it  increases  to  150 
feet  per  mile  in  the  coastal  monocline.  Between  these  two  areas,  the 
formations  dip  gently,  but  are  faulted  downward  about  3,000  feet  in  a  distance 
of  about  22  miles. 
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Regionally,  there  are  tvo  sajor  fault  zoxms.  the  Balccnes  fault  zone  and  the 
Tiling  f^ilt  zone.  The  Balccnes  system  contains  all  of  the  faults  within  and 
north  of  San  Antonio,  and  is  separated  by  a  large  graben  fron  the  Luling 
systec  about  25  miles  to  the  east'southeast.  (The  Mexia  fault  zone  forms  the 
east  side  of  a  similar  graben  to  the  north  in  central  Texas.)  Both  fault 
zones  were  apparently  part  of  the  same  tectonic  system  which  was  active  during 
the  mid  to  late  Tertiary  Period.  Normal  or  gravity  faults  are  predominant  in 
bo^  zones,  but  the  Balcones  faults  are  usually  downthrown  to  the  east  or 
soudieast  and  the  Tnl  Ing  faults  are  usually  downthrown  to  the  west  or 
northwest.  Major  faults  of  both  zones  trend  east^northeastward,  rou^ly 
parallel  to  the  formation  strikes.  The  almost  straight  traces  of  these  faults 
suggest  nearly  vertical  fault  planes.  Shatter  zones  are  common  with  numerous 
small  step  faults  occurring  within  a  narrow  area.  However,  large  faults  also 
occur  and  several  are  known  to  have  displacements  in  excess  of  100  feet.  The 
Balcones  faults  have  the  greatest  displacements;  a  fault  northwest  of  San 
Antonio,  near  Helotes,  has  the  largest  known  throw  of  about  600  feet,  and 
another  fault  in  south  San  Antonio  has  a  throw  of  more  than  550  feet. 

Although  faulting  is  the  more  prominent  structural  feature  of  the  region,  the 
faults  generally  have  decreasing  displacements  toward  the  ends  of  their  trace, 
and  in  places  diminish  into  folds,  especially  in  the  softer  strata.  A  major 
asymmetrical  fold,  the  Culebra  Anticline,  plunges  southvestward  several  miles 
west  of  Che  tunne^  project.  It  has  a  core  of  Atistin  Chalk  and  is  flanked  by 
mostly  Taylor  anc  Navarro  formations.  Both  flanks  of  the  anticline  are 
terminated  by  faults  of  the  Balcones  system. 

3-02.  Geology  of  the  Tunnel  Aliennent. 

a.  Overburden.  Overburden  along  the  tunnel  alignment  consists  of 
fluviatlle  low  terrace  deposits,  residual  clay,  and  occasional  man-made 
backfill  or  construction  surfacing.  The  fluviatlle  deposits  are  for  the  most 
part  clay,  clayey  gravel,  and  gravelly  clay  with  lesser  amounts  of  silt  and 
sand.  Lower  gravel  beds  are  largely  composed  of  calcareous  concretions  formed 
around  chert  or  limestone  pebbles;  these  are  rounded  to  subrounded,  whitish 
concretions  usually  ranging  from  1  to  2  Inches  in  diameter,  although  sometimes 
as  large  as  3  inches.  A  water  bearing  gravelly  clay  to  clayey  gravel  is  often 
the  basal  stratum  of  the  overburden,  except  where  the  primary  formation  is 
directly  overlain  by  residual  clay.  The  residual  clay  is  tan  to  buff  with 
gray  streaking  and  mottling,  soft,^  and  of  medium  to  high  plasticity.  It  is 
similar  to  the  underlying  weathered  clay  shale  except  that  it  lacks  distinct 
bedding  structure  and  induration.  In  places,  isolated  pebbles  within  the  clay 
suggest  possible  re-working  with  the  overlying  alluvium.  Being  within  a  city, 
the  natural  overburden  is  frequently  overlain  by  man-made  deposits  such  as 
concrete,  asphalt,  and  random  soil  fill,  including  minor  amounts  of 
construction  rubble  and  ocher  refuse 

The  overburden  blanket,  or  regolith,  along  the  tunnel  alignment  varies 
typically  in  thickness  and  character  Overall  thickness  increases  downstream 
along  the  tunnel  alignment  from  1  0  foot  at  the  inlet  shaft  to  27  feet  at  the 
outlet  shaft.  Individual  strata  range  in  thickness  from  about  1  to  10  feet 
Although  the  fluviatlle  deposits  are  relatively  well  sorted  from  the  finer 
grained  deposits  near  the  surface  to  the  coarser  gravel  deposits  at  depth,  the 


8 


gravel  beds  generally  display  a  good  gradation  in  the  engineering  sense 
various  grain  sizes  are  distributed  throughout.  Cobbles  are  present  In  places, 
but  never  numerous.  Cl^ey  gravel  often  grades  into  gravelly  clay.  The  clay 
Bay  be  either  fluviatile  or  residual*  Both  types  of  clay  nay  range  fron  lean 
to  fat  in  plastic!^  and  are  variably  calcareous.  The  fluv5atile  clay  oay 
contain  gravel,  particularly  toward  the  base  of  the  stratus. 

b.  PriiMrv  The  Taylor  Foraation/Group  is  the  primary  and 

only  rock  foraation  encountered  throughout  the  San  Pedro  Creek  Tunnel 
excavations.  Geologic  literature  often  refers  to  the  Taylor  as  a 
stratigraphic  groiq>  containing  several  foraations.  Although  the  foraations 
vary  froa  place  to  place  in  coapositlon  and  name,  the  Taylor  nay  be  generally 
divided  into  three  stratigraphic  units:  the  Upper  Taylor  Marl  (also  called  the 
Marlbrook  Marl  or  Bergstrom  Foraation),  the  Pecan  Gap  Foraation,  and  the  Lower 
Taylor  Marl  (also  called  the  Sprinkle  Foraation).  Keith  Young,  Hay  1965,  in 
referring  to  these  three  foraations  classifies  the  lithic  sequence  as: 
claystone,  chalk  or  marly  limestone,  and  claystone,”  thereby  substituting 
claystone  for  the  old  marl  terminology  used  by  Sellards,^  et  al.,  August  1932. 
Since  "marl"  is  an  old  and  loosely  applied  term  for  unconsolidated  or  little 
indurated  materials  containing  35  to  65%  clay  and  35  to  65%  carbonate 
(American  Geological  Institute's  Glossary  of  Geology,  1974),  it  can  apply  to 
the  Taylor  in  composition  only.  As  a  geologically  consolidated  mass  of 
predominantly  clay  and  carbonate  minerals,  the  Taylor  is  more  aptly  classified 
as  a  calcareo^ls  clay  shale  where  fissile,  a  calcareous  claystone  where  lacking 
fine  lamination,  and  possibly  a  marlstone  where  highly  calcareous.  Although 
the  Taylor  Formation  encountered  in  the  tunnel  excavations  consists  of 
variations  and  subtle  transitions  through  all  three  of  these  similar  rock 
types,  we  have  for  simplicity  chosen  calcareous  clay  shale  as  Che  general 
project  classification  of  the  Taylor  rock. 

Locally,^  the  Taylor  is  treated  as  a  formation  rather  than  a  group,,  since  only 
the  upper  stratigraphic  unit  is  present.  However,  the  formation  contains 
interbedded  calcareous  or  limy  layers  which  may  be  used  as  stratigraphic 
marker  beds  in  electric  log  correlations.  These  marker  beds  have  been 
designated  M-1  through  M«5,  from  youngest  to  oldest.  The  fifth  marker  bed, 
M-5,  represents  all  of  the  formation  below  a  distinctive  2±  foot  thick 
greensand  or  glauconitic  zone.  Due  to  the  formation  dip  to  the  southeast  and 
the  vertical  displacement  of  faulting,  the  tunnel  crosses  througn  four 
stratigraphic  marker  beds  from  the  M-l  at  the  outlet  to  the  M-4  at  the  inlet, 
thereby  progressing  upstream  from  younger  to  older  beds.  This  was  significant 
to  the  tunnel  and  shaft  excavations.  Upstream,  the  formation  becomes  more 
limy  as  it  forms  a  gradational  transition  toward  the  underlying  Anacacho 
Limestone  and  Austin  Chalk.  X-ray  diffraction  tests  reveal  that  the 
stratigraphically  lower  and  older  beds  tend  to  be  two  to  three  times  more 
limy.  The  ratio  of  clay  to  calcium  carbonate  is  inversely  proportional  in 
this  material.  Thus,  the  M-1  and  M-2  materials  are  more  clayey  and 
lithologically  weaker,  the  M-3  through  M-5  materials  are  typically  more  limy, 
better  cemented,  and  more  geologically  consolidated  to  give  a  denser  and 
stronger  rock 

Although  there  is  only  one  rock  formation  encountered  by  the  tunnel 
construction,  its  material  characteristics  are  both  variable  and  distinctive. 
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A  rudioentary  visual  observation  can  roughly  ascertain  the  variable  clay  and 
carbonate  (line)  lithology.  The  darker  gray,  unctuous,  soft  to  moderately 
soft  material  is  higher  in  clay  content;  the  lighter  gray,  earthy,  moderately 
soft  to  hard  material  is  hi^er  in  calcium  carbonate.  More  exactly.  X-ray 
diffraction  indicates  that  the  rock  consists  of  30  to  45%  clay,  IS  to  50% 
carbonates,  10  to  30%  quartz,  and  a  trace  to  15%  of  feldspar.  The  more 
prevalent  of  the  clay  minerals  is  the  expansive  montmorillonite  with  lesser 
amounts  of  non-expansive  illite  and  kaolin! te,  although  this  is  not  everywhere 
the  case.  !^ite  crystals  occur  in  places,  as  does  calcite  and  gypsum:  the 
latter  two  usually  form  healing  minerals  along  occasional  fractures.  Marine 
fossils  appear  scattered  throughout,  though  more  abundant  in  certain  zones. 

The  flat,  spirally  twisted  pelecypod  (oyster)  ‘Exogyra”  is  common.  Black 
carbonaceous  specks  are  found  occasionally,  and  a  0.1-foot  thick  lense  of 
lignite  was  encountered  at  the  99-foot  depth  during  an  extensometer 
installation  at  Station  158+47.  Other  than  the  typical  shaly  odor,  the 
material  often  emits  a  petroleum  odor  suggesting  the  possible  presence  of 
hydrocarbons  and  odorless  gases.  However,  the  tunnel  excavation  was 
continually  monitored  for  explosive  hydrocarbon  gases  and  none  were  detected. 

c.  Geologic.  Structure.  The  Taylor  Formation  along  San  Pedro  Creek 
Tunnel  consists  of  about  230  feet  of  massive  and  generally  undisturbed  strata. 
Boring  investigations  had  nearly  100%  core  recovery  with  RQD  also  approaching 
100%.  Construction  mapping  denoted  occasional  widely  scattered  fractures  and 
low  angle  Joints,  bve  these  are  random  breaks  that  hardly  disrupt  the  massive 
character  of  the  formation.  The  apparent  dips  of  the  joints  and  fractures  is 
often  1  degree  or  less  with  a  maximum  of  10  degrees;  their  direction  of  dip 
ranges  from  southeast  to  northeast.  The  stratigraphic  inclination  varies 
along  the  alignment  from  0  to  2  degrees,,  with  the  predominant  dip  to  the 
southeast.  Some  stress  relief  fracturing  occurred  around  the  excavation 
openings,  and  occasional  block  fallouts  were  noted  during  the  construction  of 
the  outlet  shaft  transition  and  the  downstream  tunnel  section  However,  the 
massive  character  of  Che  formation  undoubtedly  limited  the  stress  relief 
effect. 

Though  the  tunnel  was  excavated  in  massive  rock,  the  formation  is  not  without 
structural  attributes  of  the  Balcones  fault  zone.  Features  of  the  fault  zone 
are  evident  in  mid-alignment  where  a  high  angle  fault  crosses  the  apparent 
flank  of  a  fold  dipping  to  the  south-southeast.  With  respect  to  Che  tunnel 
alignment  alone,  the  fold  appears  as  a  faulted  monocline.  However,  with  a 
broader  view  of  the  local  structure,  it  could  well  be  that  drag  flexures  were 
developed  on  each  side  of  the  fault.  The  strata  is  essentially  horizontal  in 
the  upstream  third  of  the  tunnel;  the  mid-tunnel  strata  dip  at  1  to  2  degrees 
south  -  southeas  t  ;•  and  the  beds  in  the  downstream  third  level  out  before  turning 
upward  to  a  northerly  dip  of  7  feet  per  mile  at  the  outlet  It  is  this  slight 
reversal  in  the  direction  of  dip  that  suggests  adjoining  flexures  resultant 
from  local  fault  block  movements.  These  flexures  may  be  viewed  as  upward  drag 
on  the  downthrown  fault  block  and  downward  drag  on  the  upthrown  fault  block. 

Extensive  geologic  investigations  for  both  tunnel  alignments  on  this  project 
have  updated  and  enhanced  the  depiction  of  the  stratigraphic  and  structural 
geology  of  central  San  Antonio.  Rather  than  the  one  fault  which  was  formerly 
mapped  through  the  downtown  area,  this  project  has  revealed  four  faults 
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trending  east-northeast  across  the  central  city  between  Brackenridge  Park  to 
the  north  and  Roosevelt  Park  to  the  south.  Rather  than  a  fault  contact 
between  the  Taylor  and  Navarro  Fonaations  (Groups)  being  near  the  Paseo  del 
Rio,  it  is  actually  just  r  ^th  of  Brackenridge  School  by  about  500  feet.  This 
more  complete  view  of  the  cal  geology  lends  reason  to  the  development  of 
drag  flexures  along  the  tunnel  alignment  rather  than  monoclinal  folding. 

The  complete  relation  of  the  local  structure  to  the  San  Pedro  Creek  Tunnel  is 
made  more  apparent  by  projecting  westward  the  faults  which  cross  the  San 
Antonio  River  Tunnel.  If  these  faults  are  projected  westward,  a 
down -to -the -south  fault  crosses  the  tunnel  in  mid- alignment,  and  another 
down-to-the-north  fault  passes  south  of  the  outlet.  This  broader  view  ot  the 
ttinnel  geology  reveals  a  horst  and  graben  structure  with  the  northern 
alignment  in  an  upthrown  horst  block  and  the  southern  alignment  in  a 
downthrown  graben  block.  Therefore,  the  upward  turning  of  the  strata  at  the 
outlet  could  indicate  a  slight  synclinal  flexure  in  the  downstream  graben  with 
an  adjoining  anticlinal  flexure  in  the  upstream  horst.  The  slight  dip  in  the 
otherwise  horizontal  beds  would  indicate  drag  relative  to  the  movement  of 
these  fault  blocks. 

The  geologic  structure  displayed  along  the  tunnel  alignment,  though 
characteristic  of  the  Balcones  fault  zone,  does  little  to  disrupt  the  massive 
character  of  the  rock  formation.  The  folding  is  but  minor  warping  of 
essentially  horizontal  strata.  The  mid-alignment  fault  at  Station  1714-30  has 
32  feet  of  displacement,  but  has  caused  little  disturbance  to  the  surrounding 
rock.  In  fact,  the  only  evidence  that  the  fault  was  crossed  by  the  TBM  was 
that  the  muck  changed  from  soft,  dark  gray,  clayey,,  H-1  and  M-2  material  to 
the  harder,,  light  gray,  limy  muck  of  the  M-3  strata.  However,  though  the 
faulting  and  folding  along  the  alignment  1$  relatively  unimposlng,  they  are 
both  significant  in  that  they  place  four  of  the  five  identified  stratigraphic 
marker  beds  within  the  limits  of  the  tunnel  excavation. 

d.  Formation  Weathering.  The  predominantly  tan  coloring  of  weathered 
Taylor  Formation  contrasts  sharply  with  the  darker,,  gray  unweathered  clay 
shale.  The  tan  coloration  is  mottled  and  streaked  with  gray  generally 
throughout  the  weathered  zone,  and  rusty  stains  of  oxidized  iron  occur  along 
some  joints  and  fractures.  Though  the  unweathered  formation  is  massive  with 
few  structural  breaks,  joints  and  fractures  are  not  uncommon  in  the  weathered 
zone.  It  is  noteworthy  that  since  there  is  little  water  migration  through  the 
fractured  areas,  the  top  of  the  weathered  zone  may  be  considered  the  contact 
between  the  Taylor  aquiclude  and  the  overlying  alluvial  aquifer.  The 
weathering  usually  extends  through  the  upper  15  to  20  feet  of  the  formation 
with  an  average  thickness  along  the  tunnel  alignment  of  18.5  feet  The 
contact  with  unweathered  formation  is  generally  at  30  to  40  feet  below  ground 
surface  or  at  an  average  depth  of  34,5  feet.  The  weathered  material  is  soft, 
has  medium  to  often  high  plasticity,  is  damp  in  places,  and  contains  scattered 
fossils.  It  is  distinguishable  from  the  occasional  residual  clay  deposits  by 
slight  induration  and  distinct  bedding  structure.  Due  to  this  induration  and 
bedding  structure  the  material  tends  to  break  in  blocky  chunks  when  excavated 

e.  Ground  Water.  The  Taylor  Formation  is  an  impermeable  clay-based 
rock  which  forms  an  aquiclude  prohibitixig  the  migration  of  ground  water  from 


both  above  and  below  the  formation.  Ground  water  In  the  overlying  allttvium  is 
prevented  from  moving  downward,  and  ground  water  in  the  underlying  limestones 
is  confined  under  artesian  pressure.  The  Taylor  is  a  massive  tight  aquiclude, 
although  there  are  occasional  structural  breaks.  Where  breakage  does  occur  it 
is  usually  tight,  closed  by  intrinsic  expansive  clays,  or  healed  by  mineral 
precipitation.  Thtis,  the  impermeable  character  of  the  rock  is  not 
significantly  altered  by  fractures,^  Joints,  or  faults.  The  tunnel  excavation 
was  entirely  in  dry  rock  with  no  seepage  along  structural  breaks. 

The  shaft  excavations  were  also  in  dry  material  for  the  most  part.  The  San 
Pedro  Creek  Inlet  Shaft  was  started  in  unweathered  Taylor  Formation  after  the 
approach  channel  construction  of  a  previous  contract  had  removed  the  alluvial 
overburden  and  weathered  rock;<  therefore,  the  inlet  shaft  was  excavated  in 
entirely  dry  rock.  Concrete  soldier  piers  or  steel  casing  was  used  to  seal 
off  any  ground  water  in  the  allixvial  overburden  at  each  of  the  drilled  shafts. 
The  excavation  of  the  San  Pedro  Creek  Outlet  Shaft  encountered  ground  water 
inflow  at  200  gpm  at  the  19 'foot  depth.  Groxmd  water  inflow  began  at  the  top 
of  a  sand  stratum  that  underlay  a  gravelly  clay.  The  inflow  continued  at 
about  200  gpm  through  2  to  2.5  feet  of  the  sand  and  5  feet  of  underlying  sandy 
to  clayey  gravel  to  the  top  of  the  weathered  Taylor  Formation.  This  water  was 
removed  with  sump  pumps,  and  the  rest  of  the  excavation  was  dry. 

The  main  ground*water  concern  for  the  tunnel  was  that  the  TBM  might  excavate 
through  an  abandoned  and  unplugged  artesian  well.  The  major  water  source  for 
the  region  is  the  Edwards  Aquifer,  from  which  the  city  has  a  multitude  of 
wells.  Occasionally,  unknown  abandoned  wells  are  found,  and  there  are  no 
assurances  that  these  old  well  were  plugged  as  required  by  current 
regulations.  The  Edwards  lies  confined  with  an  arte&/ian  pressure  beneath  the 
Taylor  and  other  impermeable  strata  at  a  depth  of  about  690  feet,  or  350  feet 
below  the  tunnel.  It  has  been  estimated  that  an  unplugged  well  from  within 
this  aquifer  could  release  as  much  Li  5000  gpm  of  water  into  the  runnel  at  a 
pressure  of  70  psi.  As  ir  turned  out,  an  abandoned  well  was  indeed 
intersected  by  the  tunnel  excavation,,  but  it  proved  to  be  more  of  a  nuisance 
than  a  major  problem. 

The  aoandoned  well  was  encountered  by  the  TBH  at  about  2400  hours  on  May  16, 
1989  at  Station  178+49,  the  location  of  liner  ring  number  898.  The  well  had 
apparently  been  plugged  to  some  extent  when  abandoned,  but  It  was  producing 
water  at  a  steady  2  gpm,  which  proved  difficult  for  the  contractor  to  stop. 
Probing  of  the  inner  casing  was  obstructed  at  the  24' foot  depth  by  what  was 
probably  a  remnant  of  the  old  plug.  Tne  well  consisted  of  a  4-inch  diameter 
inner  casing,  a  6-inch  diameter  outer  casing,  and  an  8-inch  diameter  borehole 
located  2  feet  east  of  the  tunnel  center  line.  The  contractor's  well  plugging 
events  were  as  follows:- 

May  17,  1989  --A  professional  well  driller  from  T  C.  Johnson  Drilling 
Company  (Weil  Digger  Licen'^e  No.  857)  was  hired  by  the  contractor  to 
plug  the  well.  First  a  steel  cap  with  a  grouting  pipe  was  welded  on  top 
of  the  inner  casing,  and  then  grouting  began  under  the  direction  of  the 
well  driller.  After  pumping  3  cubic  feet  of  1.1  grout  water/cement  by 
volume)  through  the  steel  cap,  grout  began  flowing  between  the  inner  and 
outer  casings.  After  6  more  cubic  feet  of  1:1  grout  was  pumped,  grout 
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leakage  developed  through  cracks  in  Che  rock  within  a  2. 5 -foot  radius  of 
the  well.  The  well  driller  declared  the  well  plugged  after  a  total  of 
12  cubic  feet  of  1:1  grout  had  been  puoped  at  pressures  reaching  as  high 
as  150  psi.  However,  clear  water  continued  to  flow  out  of  cracks  in  the 
surrounding  rock.  The  contractor  allowed  the  grout  to  set-up  for  a 
couple  of  hours  and  Chen  resumed  tunneling. 

May  18,  1989  --  The  well  was  obviously  not  plugged  since  about  2  gpm  of 
water  was  still  flowing  into  the  heading  invert  from  beneath  the  liner 
segments.  Two  holes  were  drilled  through  liner  ring  number  898  to  reach 
the  well. 

The  contractor  attempted  to  plug  the  well  in  a  fashion  similar  Co  the 
previous  attempt.  The  grouting  was  stopped  after  13.5  cubic  feet  of  1.1 
mix  was  pumped.  It  was  noted  Chat  grout  was  being  forced  out  between 
Che  liner  segments. 

May  19,  1989  --  Water  continued  to  flow  into  the  heading  invert. 

However,  the  well  was  by  this  time  beyond  reach  or  observation  since  it 
was  beneath  Che  TBM  trailing  gear. 

May  to  September,  1989  --  The  holes  through  liner  ring  number  898  were 
backfilled  with  pea  gravel  and  left  open  for  observation  of  Che  well 
flow.  The  flow  rate  continued  throu^  this  period  at  about  2  gpm. 

September  28  to  October  16,  1989  --  A  5.5-foot  long  by  3-foot  wide  by 
3-foot  deep  rectangular  hole  was  excavated  around  the  well  The  water 
flow  continued  at  about  2  gpm  from  the  annular  space  between  the  outer 
casing  and  the  borehole 

October  16 ,  1989  -  -  Once  again  the  contractor  attempted  to  plug  the 
well  No  water  was  actually  flowing  out  of  the  well  casing  which  could 
only  be  probed  to  a  depth  of  15  feet;  this  was  9  feet  higher  than  the 
original  probe  on  May  17,  and  indicated  that  previous  groutings  had 
sealed  off  the  well  casings.  Since  the  water  was  only  flowing  out  of 
the  outer  annular  space,  the  upper  well  casings  were  backfilled  with  1  1 
grout.  A  grout  pipe  and  a  flow  pressure  relief  hose  were  fixed  into  the 
annular  space;  the  grout  pipe  extended  6  feet  below  the  top  of  the 
casing,,  and  the  pressure  relief  hose  went  about  2  feet  into  the  annular 
space.  An  unknown  amount  of  8:1  to  1.1  grout  was  pumped  into  the 
annular  space  at  10  psi  for  about  2.5  hours.  Grout  leaks  persisted  in 
cracks  in  the  surrounding  rock,  even  though  saw  dust  was  used  as  lost 
circulation  material  and  plugs  were  driven  into  leak  holes  It  was 
finally  decided  to  let  the  grout  set-up  overnight. 

October  17,  1989  --  The  well's  outer  annular  space  continued  to  leak  at 
1  to  2  gpm.  Grouting  was  reinitiated  in  the  annular  grout  pipe,  jut  was 
shortly  stopped  in  favor  of  pouring  a  heavy  grout  cap  over  the  well.  The 
5.5-foot  by  3-foot  hole  surrounding  the  well  was  filled  with  heavy  grout 
with  grout  pipes  placed  at  previous  leak  locations  for  future  grouting 
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October  18,  1989  •-  The  grout  cap  had  set>up  overnight,  but  had  water 
leaks  in  a  few  places.  Grouting  resumed  through  the  pipes  installed  in. 
the  grout  cap.  There  was  a  total  of  42  cubic  feet  of  1:1  mix  pumped  at 
93  psi.  Some  water  was  noted  at  joints  in  the  upstream  liner  segments. 

October  to  December,  1989  The  grout  cap  over  the  well  was  observed 
for  renewed  seepage  during  this  period.  The  cap  became  completely  dry, 
and  the  well  was  considered  plugged. 

November  30  and  December  1,  1989  The  upper  foot  of  the  grout  cap  was 
saw  cut  and  removed.  This  hole  was  then  backfilled  with  6000  psi 
concrete. 

f.  Seismicity.  The  San  Antonio  area,  as  most  of  southern  Texas,  is  in 
a  Seismic  Probability  Zone  0.  This  zero  zone  extends  north^south  from  Dallas 
to  Brownsville  and  east*west  from  Beaumont  to  Del  Rio.  No  earthquake  damage 
has  ever  been  experienced  within  this  zone,  nor  should  any  be  anticipated  in 
the  future.  There  are  no  distant  threats  from  earthquakes  beyond  this  zone. 
Therefore,  the  txumel  project  has  no  seismic  risks. 

g.  Engineering  Characteristics  of  Overburden.  The  predominant 
component  of  the  overburden  Is  medium  to  high  plasticity  clay  though  silt, 
sand,  and  gravel  also  occur.  The  gravel  deposits  are  often  clayey  to  a 
variable  extent  ranging  from  clayey  gravel  to  gravelly  clay.  Silt  and  sand 
layers  are  also  slightly  clayey  In  places.  Though  the  overburden  consists  of 
various  gradations  from  fine  to  coarse  materials,  It  was  possible  through 
thorough  Investigations  to  develop  one  set  of  overburden  design  parameters  for 
all  of  the  shaft  and  surface  structures.  These  parameters  are  as  follows 

1  Moist  Unit  Weight  (ym)  -  125  pcf 

2.  Saturated  Unit  Weight  (ysat)  -  130  pcf 

3.  Shear  Strength  Assumptions;. 

a.  Cohesion  (o')  -  0.1  tsf 

b.  Angle  of  Inner  Friction  (o')  -  20° 

4.  Allowable  Bearing  Capacity  (qall)  -  2.0  tsf 

5.  Earth  Pressure  Coefficients;. 

a.  Ka  (active)  -  0.5 

b.  Ko  (at  rest)  -  0.7 

c.  Kp  (passive)  -  2.0 

6.  Modulus  of  Subgrade  Reaction 

or  Spring  Constant  (Ks)  -  75  pci 

h.  Engineering  Characteristics  of  Primary  Formation.  The 
characterlrtlc  of  the  primary  formation  which  caused  the  greatest  design 
concern  was  its  capability  of  exerting  relatively  large  swell  pressures  on 
tunnel  and  shaft  linings  due  to  Its  montmorillinite  content.  Although  the 
swelling  pressure  is  very  low  in  some  of  the  material  and  is  usually  less  than 
5  tsf,  it  is  known  to  be  as  high  as  15  tsf  In  places.  Therefore,  geotechnical 
consultants  were  engaged  as  advisors  during  the  tunnel  and  shaft  design  The 
swell  pressure  characteristics  and  the  recommendations  of  the  consultants  are 
discussed  in  Part  IV,  Special  Design  Considerations,,  Paragraph  4-02 
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Other  engineering  characteristics  were  determined  for  selected  xindisturbed 
samples  along  the  tunnel  alignment.  In  Atterberg  tests,  the  average  liquid 
limit  was  50  with  a  high  of  75  and  a  low  of  34;  the  average  plastic  limit  was 
17  with  a  high  of  19  and  a  low  of  14;.  the  plasticity  index  averaged  33  with  a 
hi^  of  56  and  a  low  of  20.  The  moisture  content  ranged  from  6%  to  15.8%  with 
an  average  of  10.5%.  Specific  gravity  was  about  2.70.  Dry  density  ranged 
from  116  pcf  to  140  pcf  with  an  average  of  129  pcf .  Unconfined  compressive 
strengths  near  the  tunnel  depth  varied  from  25.6  tsf  to  132.8  tsf,  averaging 
71.4  tsf.  The  soil  modulus  near  tunnel  depth  ranged  from  2.2  X  10^  psi  to 
19.8  X  10^  psi,  with  an  average  of  9.1  X  10^  psi. 

A  set  of  design  parameters  were  developed  for  both  the  weathered  and 
unweathered  primary  formation,  noting  characteristic  changes  with  depth. 

These  parameters  are  as  follows: 


Weathered  Shale  (undisturbed') 


1.  Moist  Unit  Weight  (ym)  -  125  pcf 

2.  Saturated  Unit  Weight  (ysat)  -  130  pcf 

3.  Shear  Strength  Assumptions: 

a.  Cohesion  (c')  -  0.1  tsf 

b.  Angle  of  Inner  Friction  (o')  -  25® 

4.  Allowable  Bearing  Capacity  (qall)  -  3.0  tsf 

5.  Earth  Pressure  Coefficients: 

a.  Ka  (active)  -  0.4 

b.  Ko  (at  rest)  -  0,9 

c.  Kp  (passive)  -  2.5 

6.  Modulus  of  Subgrade  Reaction  or  Spring  Constant  (Ks)  -  250  pci 


Unweathered  Shale  (undisturbed) 


1.  Moist  Unit  Weight  (ym)  -  135  pcf 

2.  Saturated  Unit  Weight  (ysat)  -  140  pcf 

3.  Shear  Strength  Assumptions: 

a.  Cohesion  (c*)  -  0.1  tsf  to  0.5  tsf  @  tunnel  depth 

b.  Angle  of  Inner  Friction  (o')  »  35®  to  45®  @  tunnel  depth 

4.  Allowable  Bearing  Capacity  (qall)  -  6.0  tsf 


(Note:  The  allowable  bearing  capacity  for  the  unweathered 
shale  actually  exceeds  6.0  tsf  at  tunnel  depth,  but 
with  no  effect  on  structural  design. ) 
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PART  IV 


SPECIAL  DESIGN  CONSIDERATIONS 


4-01.  Construction  Method.  The  tunnel  concept  for  flood  diversion  beneath 
the  city  was  adopted  rather  than  surface  channel  modifications  to  avoid 
construction  impacts  to  the  downtown  area.  Significant  costs  and  liabilities 
would  ensue  from  surface  construction  along  the  drainage  channel  due  to 
limited  access,  potential  damage  to  structures,  bridge  replacements,  traffic 
congestion,  business  restrictions,  and  other  city  related  problems.  However, 
though  convenient  from  a  construction  standpoint,  the  tunnel  method  along  San 
Pedro  Creek  was  necessarily  Incorporated  with  the  flood  control  tunnel  planned 
for  the  downtown  reaches  of  the  San  Antonio  River.  Because  of  the  high  cost 
of  a  tunnel  boring  machine  (TfiM)  and  initial  mobilization  expenses,  the  cost 
per  foot  of  txinnel  is  substantially  decreased  as  the  length  of  tunneling 
increases.  The  5,985-foot  long  San  Pedro  Creek  Tunnel  would  hardly  have  been 
cost  effective  without  the  additional  16,200-foot  length  of  the  San  Antonio 
River  Tunnel.  Therefore,^  without  the  added  length  of  the  San  Antonio  River 
Tunnel,  the  San  Pedro  Creek  project  would  have  been  restricted  to  surface 
channel  improvements,  or  less  expedient  but  lower  cost  conventional  methods  of 
tunneling. 

A  fully  shielded,  mechanical  tunnel  excavating  machine  was  specified  for  the 
contract  which  Included  both  the  San  Pedro  Creek  Tunnel  and  the  San  Antonio 
River  Tunnel,  The  contractor  was  given  the  choice  of  using  a  full-face  tunnel 
boring  machine  (which  was  chosen),  a  boom  header  machine,  or  a  roadheader 
machine;  the  latter  two  would  have  been  allowed  only  if  fully  shielded  and 
equipped  with  an  excavation  guide  ring. 

The  contractor  was  also  given  the  option  of  following  the  excavating  machine 
with  cast- in-place  concrete  liner  or  precast  concrete  segmental  liner, 
provided  that  the  installation  of  either  left  no  ground  unsupported  behind  the 
shield.  The  precast  segmental  liner  was  the  selected  method,  providing  both 
initial  and  final  support.  The  contractor  was  also  given  the  flexibility  to 
design  the  liner  erection  and  support  method,  although  the  contract  plans 
presented  a  method  using  longitudinal  needle  beams  and  steel  ribs.  The  method 
of  liner  erection  was  specified  to  provide  "positive  structural  support"  to 
prevent  deviation  from  circularity  of  the  segmental  rings  and  to  prevent 
settlement  of  tne  rings  into  the  Invert  void  as  the  segments  left  the  back  of 
the  tail  shield.  The  contractor's  designed  method  was  to  set  invert  segments 
on  a  bed  of  pea  gravel,  use  Interlocking  dowels  between  segment  rings,  support 
segments  at  springline  with  wood  blocking,  and  finally  blow  pea  gravel  around 
the  entire  ring  to  provide  positive  structural  support.  The  lower  portion  of 
the  tail  shield  behind  the  grippers  was  removed  to  facilitate  this  operation. 

The  specified  shaft  excavations  also  allowed  the  contractor  flexibility  in 
selecting  a  preferred  method  of  construction.  The  inlet,  outlet,  and 
maintenance  shafts  could  be  excavated  by  mechanical  ripping,  controlled 
blasting,  or  a  combination  of  these  techniques.  Actually,  the  maintenance 
shaft  was  excavated  by  rotary  drilling,  and  no  blasting  was  used  on  any 
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portion  of  the  San  Pedro  Creek  project.  The  sntall  diameter  shafts  for 
ventilation  and  hydraulic  instrumentation  were  specified  for  drilling  with  the 
option  of  proceeding  downward  from  the  surface  or  upward  from  the  tunnel 
(raise  drilling).  These  were  drilled  downward  from  the  ground  surface. 

4-02.  Swell  Pressures.  The  swelling  potential  of  the  primary  formation  was  a 
major  design  consideration,  especially  in  the  determination  of  strength 
requirements  for  the  tunnel  and  shaft  liners.  Laboratory  testing  during 
design  Investigations  indicated  that  the  material  was  capable  of  exerting 
expansion  pressures  considerably  larger  than  the  overburden  pressure.  Swell 
pressures  of  as  much  as  12.8  tsf  were  recorded  with  a  maximum  overburden 
pressure  of  8.8  tsf  at  a  depth  of  135.3  feet.  However,  it  was  questionable  as 
to  whether  the  tunnel  and  shaft  liners  would  actually  have  to  withstand  field 
pressures  as  great  as  those  indicated  by  the  laboratory  constrained  testing. 

In  support  of  this  questioning  was  previous  swell  testing  by  Dr.  Tor  Brekke  on 
Taylor  material  from  the  Austin  Crosstown  Wastewater  Interceptor.  Dr. 

Brekke 's  tests  had  shown  that  permitting  the  material  to  experience  a  volume 
Increase  of  2  %  reduced  the  swelling  pressures  by  roughly  50%.  On  the  other 
hand,  the  montmorlllonlte  content  of  the  Taylor  in  Austin  varied  somewhat  from 
that  of  the  Taylor  in  San  Antonio  tunnels.  Therefore  Dr.  Ralph  Peck  was 
engaged  by  the  government  as  a  consultant  in  resolving  these  questions  and 
other  geotechnical  Issues  throughout  the  tunnels  project. 

At  the  recommendation  of  Dr.  Peck,  Dr.  G.  Mesri  of  the  University  of  Illinois 
was  enlisted  to  do  further  testing  and  evaluation  of  the  Taylor  swell 
properties  from  samples  taken  along  the  tunnel  alignments.  Based  on  Che 
previous  design  tests,,  field  observations,  and  Dr.  Me..rl’s  tests,  both 
consultants  recommended  chat  Che  tunnel  and  shaft  liners  should  be  designed  to 
withstand  swell  pressures  of  5  tsf. 

The  reasoning  of  Che  consultants  was  chat  Che  potentially  high  expansion 
pressures  indicated  by  laboratory  testing  would  be  largely  dissipated  as  the 
swelling  material  expanded  into  space  provided  by  stress  relief  fissures  that 
Inevitably  develop  around  underground  excavations.  In  Dr.  Peck’s  words, 
"...the  stress  release  associated  with  excavating  the  tunnel  of  20-feet  (26.9 
feet)  diameter  would  undoubtedly  be  sufficient  to  cause  the  opening  of 
fissures  around  the  tunnel  to  an  extent  that  the  ultimate  swelling  pressures 
would  be  reduced  to  the  design  value  (5  tsf).  These  fissures  would  be 
developed  by  the  time  the  tailpiece  of  the  shield  would  expose  the  shale." 
Likewise,  Dr.  Mesri  concluded  that  laboratory  pressures  would  not  develop  in 
reality  against  the  tunnel  liner  because  the  magnitude  of  shale  rebound  after 
excavation  would  open  fissures  around  the  tunnel  periphery.  He  also  expected 
swell  pressure  dissipation  due  to  expansion  into  the  tunnel's  annular  space 
about  the  lining,  due  to  flexibility  of  the  lining  itself,  and  due  to  partial 
swelling  of  the  material  before  the  lining  could  be  installed  Dr.  Mesri 's 
tests  produced  swelling  pressures  ranging  from  0.2  tsf  to  as  high  as  15  tsf, 
although  more  than  2/3  of  the  results  were  less  than  5  tsf.  (This  broad  range 
is  indicative  of  the  variable  montmorlllonlte  content  throughout  the 
formation.)  However,  similar  to  Dr.  Brekke’s  findings,  he  found  that  to  allow 
additional  swelling  in  a  laboratory  specimen  above  the  initial  void  ratio, 
corresponding  to  0.35%  axial  strain,,  reduced  the  swelling  pressure  from  8  tsf 
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to  4.5  tsf.  Therefore,  It  was  concluded  that  the  Inherent  field  conditions  in 
tiinneling  would  reduce  the  actual  swell  pressures  on  the  lining. 

Although  Dr.  Hesri  estimates  from  calculatioxis  of  the  time>rate  of  swelling 
that  the  total  design  pressure  will  require  decades  to  develop,  experience 
within  the  San  Antonio  area  suggests  that  a  substantial  amount  of  the  swelling 
can  be  expected  within  5  years.  Based  on  local  experience,  it  is  anticipated 
that  most  of  the  5  tsf  may  be  realized  upon  the  tunnel  and  shaft  liners  within 
5  to  10  years  after  construction.  Expansion  is  usually  negligible  beyond  12 
to  15  years  after  the  moisture  environment  is  changed. 

4-03.  Heave  Potential.  Another  design  consideration  was  vertical  uplift  or 
heave  due  to  differential  expansion  of  the  material  surrounding  the  shafts. 
Since  the  percentage  of  expansive  montmorlllonite  varies  within  the  primary 
formation,  the  amount  of  swelling  can  vary  throughout  the  shafts.  Also,^ 
moisture  variations  can  affect  the  race  of  swelling  from  place  to  place. 
Particularly,  the  upper  weathered  formation  is  likely  to  swell  more  rapidly 
than  the  unweathered  material  at  lower  depths  Therefore,  to  deal  with 
possible  vertical  displacements  or  tensile  forces  developed  by  these 
conditions,  the  designers  recommended  chat  the  shafts  be  constructed  with 
expansion  joints,  tensile  steel,  and/or  a  bond  breaker  between  the  permanent 
and  temporary  liners. 

A  shaft  bond  breaker  was  specified  for  the  Phase  II  tunnel  contract.  (An 
expansion  joint  was  included  in  the  surface  structure  design  to  be  constructed 
under  a  later  Phase  III  contract.)  The  specified  bond  breaker  was  a 
geocexcile  material  which  was  to  be  installed  over  the  initial  support. 
However,^  a  contract  modification  provided  a  substitute  for  the  gcotextile 
which  consisted  of  an  asphalt  fiber  board,.  Sealtight  Dummy  Joint,  produced  by 
W.R.  Meadows,  Inc  of  Fort  Worth,.  Texas. 
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PAST  V 


£ZCA?ATI(W  AKD  SOPPOST  PKOCEDOHES 


5-01.  General .  The  contract  required  that  the  San  Pedro  Creek  Tunnel  and 
Shafts  be  coi^leted  first,  although  the  San  Antonio  River  Tunnel  and  Shafts 
could  be  started  conctirrently.  There  was  no  differentiation  for  paysent  in 
types  of  aaterlal  excavated  such  as  rock  or  cc«Bon  excavation;  pa3nent  for 
shaft  excavation  was  Itiap  sua  for  each  shaft,  and  payaent  for  tunnel 
excavation  and  lining  vas  by  the  linear  foot.  San  Pedro  Creek  Tunnel  and 
Shafts  involved  payaent  for  5,842.86  Ifnear  feet  of  tunnel  excavation,  a  like 
aaount  of  precast  segaental  liner,  and  lu^  stxa  for  each  of  7  shafts. 

Host  of  the  tunnel  and  shaft  excavations  closely  followed  the  lines  and  grades 
indicated  in  the  plans  and  specifications.  The  specified  tolerances  for  the 
tunnel  excavation  allowed  an  alignaent  departure  of  ±12  inches,  a  grade 
departtire  of  ±3  inches,  and  a  race  of  rectum  to  alignaent  or  grade  not  greater 
chan  3  inches  per  100  feet.  The  contract  required  that  the  vertical  and 
horizontal  tunnel  alignaent  be  controlled  by  laser  bean  inscnmenc.  Although 
mmerotis  line  and  grade  adjustnents  were  required  in  controlling  the  TBH, 
particularly  in  negotiating  the  curve  sections,  the  overall  results  were  quite 
accurate;  the  tunnel  hole-through  at  the  inlet  shaft  was  little  nore  than  an 
Inch  northeast  of  the  alignaent.  No  variations  were  allowed  in  the  thickness 
of  the  tunnel  lining.  The  precast  segaental  liner  was  allowed  a  variation  of 
0.5%  from  the  inside  dimension,  an  out  of  roundness  of  ±3/4-inch  in  diameter, 
and  abrupt  irregularities  at  segment  joints  not  in  excess  of  1/4-inch.  The 
shaft  excavations  were  allowed  0.5%  of  the  depth  in  ouc-of-plumbness  or  10%  of 
the  finished  inside  diameter  for  circular  shafts,  whichever  would  be  less. 
Variation  from  the  exca^/ated  diameter  of  circular  shafts  could  not  exceed  0  to 
plus  6  inches.  Shaft  linings  were  allowed  a  variation  in  thickness  of  minus 
2.5%  or  1/4  inch,  whichever  was  greater.  The  inside  dimensions  of  shaft 
linings  were  given  a  tolerance  of  0,5%. 

In  addition  to  establishing  the  lines,  grades,  and  dimensions  for  Jhe  tunnel 
and  shafts,  the  plans  and  specifications  provided  a  guideline  for  implementing 
the  construction.  However,  the  Contractor  had  the  option  of  submitting  for 
approval  his  own  design  proposals  for  excavation  and  support.  Vhen  approved 
by  the  Contracting  Officer,  the  Contractor's  design  and  procedures  became  the 
de  facto  specifications  in  their  applicable  areas  of  construction.  Each  area 
of  construction  and  the  procedures  used  will  be  described  in  the  following 
paragraphs . 

5-02.  Excavation  Eouionient. 

a.  Shaft  Excavation  Equipment.  Two  types  of  equipment  were  used  for 
the  shaft  excavations.  Mechanical  ripping  equipment  vas  used  in  the  inlet  and 
outlet  shafts,  drilling  equipment  was  used  in  the  maintenance,  vent,  and 
hydraulic  instrumentation  shafts.  In  the  inlet  and  outlet  shafts  the  downward 
vertical  excavation  was  accomplished  by  backhoe,  but  a  roadheader  was  used  for 
outward  extensions  of  the  shaft  walls  and  for  undercutting  the  horizontal 
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transition  tovard  the  tunnel.  The  harder  layers  in  the  inlet  shaft  were 

broken  through  by  using  a  hydraulic  ran  attached  to  a  backhoe.  The  ocher  five 
shafts  were  rotary  drilled  with  a  45  ton  Northwest  5045  crane  rig.  The 
following  is  a  list  of  the  actual  equipsent  used  during  the  shaft  excavations: 


Excavation  and  Mxxcking 


JD  490  Bacidioe 
Cat  235  Backhoe 
Cat  205  Backhoe 
Yanashi  Backhoe 
Mitsubishi  Backhoe 
Yutani  Backhoe 
Takeuchi  TB>45 
(with  hydraulic  ram) 


TB-45  Excavator 
Mitsui  Road  Header 
Cat  Loaders  988,  966, 
950,  931,  920 
JD  455  Loader 
Case  Bobcat  Loader 
Cat  IT-28 

630  Rocker  (mine  mucker) 


Cranes 


Hanlcowoc 

4600 

Northwest 

5045 

Hanltowoc 

3900 

American 

165  ton 

Linkbelt 

100  ton 

P&H 

90  ton 

Grove 

35  ton 

Linkbelt 

20  ton 

Galllon 

18  ton 

Clark 

15  ton 

Drocc  Deck  Crane 


b.  Tunnel  Boring  Machine  (TBH)  The  entire  tunnel  was  excavated  with 
a  modified  Robbins  Model  243-217  tunnel  boring  machine.  The  machine  had  been 
originally  designed  for  hard  rock  tunneling,  and  had  been  previously  used  to 
excavate  the  KercKnoff  2  Tunnel  in  the  Sierra  Nevadas  near  Fresno,  California 
Ohbayashi  engaged  Boretec,  Inc.  of  Solon,  Ohio  to  renovate  and  modify  the 
machine  for  the  soft  rock  tunneling  in  San  Antonio. 

Tlie  TBM  was  converted  from  an  open-faced  hard  rock  machine  to  a  fully  closed 
soft  rock  machine  with  articulating  shield.  A  new  main  beam  was  installed  to 
shorten  the  machine  and  to  help  moderate  the  machine  weight.  The  front 
support  shoe  was  tripled  in  length  to  better  distribute  the  machine  weight 
which  increased  from  380  tons  in  the  original  machine  to  550  tons  with  the 
Boretec  modifications.  The  cutterhead  was  enlarged  from  a  diameter  of  24 
feet-l  inch  to  26  feet-11  inches,  this  gave  a  tunnel  annular  space  behind  the 
liner  of  3.5  inches.  The  mam  bearing  was  replaced  providing  an  increase  in 
cutterhead  thrust  capacity  from  1,166  tons  to  1,547  tons  The  side-gripper 
shoes  were  enlarged  to  56  inches  by  138  inches  for  a  better  dispersing  of 
forces  exerted  on  the  tunnel  sides.  As  an  auxiliary  propulsion  system, 

12  thrust  cylinders  were  added  with  thruster  shoes  for  pushing  off  of  the 
liner  segments;  these  thrusters  could  also  be  used  to  hold  the  precast 
segments  during  the  liner  erection.  A  ring-type  segmental  liner  erector  was 
added  within  the  back  of  the  tail  shield.  The  back  57  inches  of  the  lower 
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120^  section  of  the  tail  shield  was  cut  away  to  allow  the  placement  of  the 
invert  segment  on  a  bed  of  pea  gravel. 

Although  a  complete  description  of  the  TBM  would  be  too  voluminous  for  this 
report,  there  are  several  additional  features  which  should  be  noted.  When 
fully  operational  in  the  San  Pedro  Creek  Tunnel,  the  TBM  and  it's  trailing 
gear  was  274  feet  long;  the  length  from  cutterhead  to  end  of  tail  shield  was 
38  feet.  The  cutterhead  contained  57  disc  cutters  of  15.5'inch  diameter.  The 
outermost  7  discs  were  the  gauge  cutters  which  determined  the  final  sizing  of 
the  tunnel  bore.  The  outer  perimeter  of  the  cutterhead  contained  12  bucket 
scoops  which  collected  the  muck  and  dropped  it  into  the  conveyor  system  within 
the  cutterhead  support.  The  drive  torque  for  the  cutterhead  assembly  was 
provided  by  10  single^speed,  3>phase,  AC  electric  motors  producing  200  HP  (149 
KU)each.  These  motors  rotated  the  cutterhead  clockwise,  in  an  upstream  view, 
at  5.75  RPM.  The  four  main  propulsion  cylinders,  hydraulic  jacks,  generated 
horizontal  thrusts  at  7.5  degrees  outward  from  the  tunnel's  longitudinal  axis 
resulting  in  a  forward  machine  thrust  and  a  side  thrust  on  the  gripper  pads. 
This  system  could  generate  a  total  thrust  force  of  2.64  X  10^  lbs. 

Two  methods  of  TBM  propulsion  were  provided  since  it  was  anticipated  that  some 
of  the  ground  would  be  too  soft,  or  weak,  to  withstand  the  thrust  and  shear 
forces  exerted  through  the  side  grippers.  In  the  stronger,  stable  ground  the 
four  main  propulsion  cylinders  could  propel  the  machine  by  pushing  the  side 
grippers  against  the  tunnel  wall.  This  method  does  not  interfere  with 
preparations  for  segmental  liner  erection  in  the  invert  area  at  the  back  of 
the  tall  shield.  In  ground  too  weak  to  withstand  propulsion  through  the  side 
grippers,  the  machine  could  be  propelled  by  12  auxiliary  jacks  shoving  against 
the  segmental  liner.  However,  the  shove  jacks  in  this  method  obstruct  the 
working  area  at  the  back  of  the  tail  shield. 

5-03.  Precast  Tunnel  Liner.  The  tunnel  liner,  which  also  provided  the 
initial  support,  consisted  of  precast  concrete  segments  installed  within  the 
protective  covering  of  the  TBM  tall  shield.  There  were  6  segments  in  each 
complete  ring  of  liner,  forming  an  inside  diameter  of  24  feet-4  inches.  Each 
segment  was  4  feet  wide  by  1  foot  thick,  weighed  8800  pounds,,  and  extended 
13.78  feet  along  a  60  degree  arc  on  the  outside  of  the  liner.  The  bottom  3 
segments  were  id<  Leal  in  shape.  The  top  3  segments  were  skewed  7  degrees 
off  longitudinal  uc  the  two  upper  joints  to  acconunodate  a  trapezoidal  "key" 
segment  in  the  crown.  The  segments  were  cast  of  6000  psi  reinforced  concrete, 
and  contained  two  2-inch  diameter  grout  holes  positioned  4.0-feet  lengthwise 
to  each  side  of  the  center  These  grout  holes  were  also  used  for  erector 
handling  and  for  injecting  pea  gravel  into  the  annular  space. 

Two  types  of  joints  were  formed  by  the  segment  rings.  Circumferential  joints 
divided  the  rings  at  4-foot  intervals  along  the  tunnel  alignment. 

Longitudinal  or  radial  joints  were  formed  where  the  segments  joined  at  each 
60°  arc  of  the  ring.  Tliese  longitudinal  joints  were  a  tongue  and  groove  type 
designed  by  the  contractor  rather  than  the  specified  knuckle  type.  All  of  the 
joints  contained  a  3/4-inch  deep  by  1/4-lnch  wide  groove  on  the  inside  liner 
surface  for  sealant  application  The  sealant  used  by  the  contractor  was 
Sikaflex-lA  rather  than  the  specified  Kornseal. 
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The  segment  rings  were  aligned  and  locked  together  at  the  circumferential 
joints  with  "fast'lock  dowels"  patented  by  the  segment  manufacturer,  Sehulster 
Company,  Inc..  These  dowels  were  intended  to  prevent  joint  spreading  and  to 
make  the  segment  rings  free>standing.  Each  circumferential  joint  contained  18 
equally  spaced  dowels,  3  per  segment. 

The  segmental  liner  was  installed  with  a  circular  erector  arm  at  the  back  of 
the  tail  shield.  The  erector  picked  each  se^ent  up  at  the  invert  and  rotated 
it  to  its  proper  position  within  the  ring.  As  the  TBM  excavated  forward, 
exposing  4  feet  of  invert  rock  in  the  cut  away  section  of  the  tail  shield,  a 
3-inch  thick  piece  of  flexible  styrofoam  was  set  on  the  invert  about  3  feet-9 
inches  in  front  of  the  previous  ring.  Normally,  a  bed  of  pea  gravel  was 
placed  and  graded  behind  the  styrofoam  barrier  in  preparation  for  the  invert 
segment.  At  times,  however,  when  the  tunnel  bore  was  too  high,  the  invert 
rock  was  excavated  to  grade-cut  with  pneumatic  spades,  and  no  pea  gravel  was 
required.  The  invert  segment  would  then  be  placed  with  the  erector  and  pushed 
onto  the  dowels  of  the  previous  ring  by  the  auxiliary  propel  jacks.  This  was 
followed  by  the  placement  of  each  of  the  two  lower  rib  segments  ,  which  were 
backed  by  the  styrofoam  barrier  and  supported  by  wood  blocking  at  springline. 
The  upper  two  rib  segments  would  then  by  placed,  followed  by  the  installation 
of  the  key  segment  in  the  crown.  No  styrofoam  barrier  was  placed  above 
springline.  After  the  full  ring  was  erected,  pea  gravel  was  blown  over  and 
around  the  back  of  the  segments  or  throu^  the  grout  holes.  The  pea  gravel 
was  Intended  to  provide  the  primary  positive  structural  support.  However, 
final  stabilization  of  the  liner  was  provided  with  backpack  grouting  after  the 
trailing  gear  had  cleared  the  segments.  Complete  grouting  of  the  full  annular 
space  was  generally  achieved  at  about  200  to  250  feet  behind  the  trailing  gear 
(500  feet  from  heading),  although  this  fluctuated  considerably. 

5-04.  Foundation  Preparation.  The  contract  requirements  for  foundation 
preparation  were  specified  for  the  most  part  under  technical  provisions  for 
placing  cast-in-place  structural  concrete.  Of  course  this  did  not  apply  in 
the  tunnel  because  precast  concrete  segments  were  installed  immediately  behind 
the  TBM  tail  shield,  rather  than  lining  the  tunnel  with  cast- in-place 
concrete.  Neither  did  it  specifically  apply  to  the  large  diameter  shafts 
(outlet,  inlet,  and  maintenance  shafts)  because  the  rock  was  initially 
supported  with  shotcrete  long  before  the  structural  concrete  was  placed. 
Nevertheless,  the  specifications  state  that,^  "Shale  or  clay  shale  surfaces 
upon  which  concrete  is  to  be  placed  shall  be  clean,  free  from  oil,  standing  or 
running  water,  ice,  mud,  drumay  rock,  coatings,  debris,^  and  loose 
semi-detached  or  unsound  fragments.” 

Actually,  these  conditions  were  generally  met  before  shotcrete  applications, 
largely  due  to  practical  workmanship  The  excavation  and  support  procedures 
in  the  large  diameter  shafts  consisted  of  shotcrete  applications  after  every  5 
to  8  feet  of  vertical  excavation  This  procedure  prevented  long  term  exposure 
and  corresponding  deterioration  of  the  rock.  The  rock  was  massive  and 
excavated  very  smoothly,  especially  with  the  roadheader,  therefore,  there  were 
normally  no  loose  blocks  or  druminy  areas  in  the  foundation.  Occasional  loose 
fragments  were  scaled  away  from  the  shaft  walls  before  shotcreting.  Since  it 
was  imperative  to  provide  full  contact  between  the  initial  support  and  the 
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surrounding  rock,  all  over -excavations  were  fully  backfilled  with  shotcrete  as 
required  by  the  specifications. 

The  specifications  also  required  that  the  excavated  surfaces  of  the  shafts  be 
protected  immediately  upon  exposure  with  a  polyvinyl  acetate  emulsion  resin 
containing  at  least  60(±1)%  total  solids  by  weight.  Some  effort  was  necessary 
in  enforcing  this  requirement  as  well  as  assuring  beneficial  applications. 
Aerospray  70  (or  an  approved  equal  product)  produced  by  American  Cyanamid 
Company  was  specified,  but  no  water  dilution  mixture  was  stipulated.  The  only 
application  requirements  were  given  under  the  specification  section  on 
preparation  for  cast- in-place  concrete  placements.  An  "expert"  with  the 
supplier  reportedly  recommended  a  sealer  to  water  ratio  of  1:20  with  an 
application  rate  of  1/4  gallon  per  square  yard.  However,  this  mixture 
appeared  too  watery  with  inadequate  results,  and  the  contractor  eventually 
increased  the  ration  to  1:10.  Where  the  material  was  more  limy  and  less 
susceptible  to  air  slaking  the  contractor  was  allowed  to  omit  the  resin 
application  if  shotcreting  was  conducted  expeditiously. 

5-05.  Outlet  Shaft  Excavation.  The  outlet  shaft  was  excavated  and  supported 
according  to  the  contractor's  approved  design  submittals.  The  150-foot  deep 
shaft  is  boot-shaped  consisting  of  an  Initial  vertical  section,  an 
intermediate  upstream  undercut,^  and  finally  a  capering  60- foot  lateral 
transition  to  the  tunnel.  The  entire  shaft  was  excavated  by  backhoe  and 
roadheader  with  no  blasting  required,  although  the  specifications  provided  for 
that  option.  The  backhoe  was  generally  used  in  the  vertical  excavations 
whereas  the  roadheader  was  used  for  undercutting  or  lateral  excavations.  The 
initial  support  was  designed  by  the  contractor  for  a  specified  rock  pressure 
of  5  kips. 

The  excavation  began  with  the  construction  of  a  collar  in  the  upper  12  feet  of 
the  shaft.  This  upper  portion  was  excavated  to  a  51-foot  surface  diameter 
tapering  downward  to  a  48-fooC  diameter  at  the  12-foot  depth.  As  this  initial 
hole  was  dug,,  the  collar  structure  consisting  of  four  W12  X  58  steel  rings  and 
wood  lagging  was  preassembled  on  the  ground  surface.  The  rings  were  held  3 
feet  apart  by  the  vertically  placed  lagging  to  form  a  12-foot  high,,  open-ended 
wooden  barrel  with  a  43-foot  inside  diameter.  The  collar  structure  was  then 
placed  within  the  completed  hole,  and  the  annular  space  was 
backfilled  with  concrete. 

The  next  57  feet  of  shaft,  from  the  bottom  of  the  collar  at  elevation  569.56, 
was  excavated  to  a  diameter  of  42  feet  4  inches,  and  was  variously  supported 
with  steel  ring.s,  wood  lagging,  shotcrete,  and  wire  mesh.  W8  X  48  steel  rings 
were  installed  on  4-foot  centers  through  the  overburden  and  weathered  clay 
shale  to  the  40-foot  depth  Generally,  a  5-inch  thickness  of  3500  psi 
shotcrete  was  applied  between  the  steel  rings  except  where  a  groundwater 
Inflow  of  200  gpm  was  encountered  in  the  alluvial  aquifer  lying  between 
elevations  620  and  612  Wood  lagging  was  installed  between  the  rings 
located  at  elevations  619,  615,  611,  and  607;  grouting  was  then  conducted 
behind  the  lagging  to  seal  off  the  ground  water  Below  the  40-foot  depth  no 
steel  rings  were  used,  but  the  shotcrete  increased  to  a  thickness  of  8- inches 
with  the  reinforcement  of  two  layers  of  6  X  6  -  W6  X  W6  welded  wire 
fabric . 


25 


A  single  V8x48  steel  ring  was  Installed  at  elevation  569.56  just  before  the 
shaft  excavation  began  to  widen  and  undercut  upstream  toward  the  tunnel 
portal.  As  the  shaft  was  progressively  widened  with  depth,  its  cross  section 
in  plan  view  became  increasingly  egg  shaped.  In  plan  view,  the  downstream 
half  of  the  shaft  remained  circular  whereas  the  upstream  portion  elongated  to 
form  an  elliptical  curve.  In  longitudinal  cross  sections,  this  intermediate 
undercutting  between  the  vertical  shaft  and  the  horizontal  transition  had  the 
shape  of  an  elbow  flexure,  and  thus  was  called  the  shaft  elbow.  The  elbow 
curvature  continued  to  the  crown  elevation  of  the  transition,  532.59,  or  a 
depth  of  107  feet.  Below  this  depth  the  shaft  was  excavated  vertically  to 
invert  with  a  continuous  longitudinal  diameter  of  70  feet  11  inches  and  a 
continuous  transverse  diameter  of  49  feet  6  inches. 

The  Initial  support  below  elevation  569.56  consisted  of  a  12-inch  thickness  of 
3500  psi  shotcrete  reinforced  with  two  layers  of  4  X  4  -  U4.7  X  V4.7  welded 
wire  fabric.  Also,  18  to  21 -foot  long  rock  anchors  were  Installed  generally 
on  4  to  5-foot  centeis  and  predominantly  in  the  upstream  elongated  portion  of 
the  shaft.  These  anchors  were  1.25 -inch  diameter,  No.  10  Dywidag  threadbare 
cement  grouted  into  5-inch  diameter  holes.  They  were  the  primary  support 
where  the  radius  of  curvature  exceeded  30  feet,  or  where  the  excavation  had  no 
curvature . 

The  lateral  transition  excavation  extended  60  feet  upstream  from  the  vertical 
shaft  at  Station  141+98.14  to  the  tunnel  portal  at  Station  142+58,14.  The 
transition  crown  and  invert  elevations  at  Station  141+98.14  were  332.59  and 
490.34,  respectively.  The  transition  crown  and  invert  elevations  at  Station 
142+58.14  were  522.05  and  490.46,  respectively.  Thus,  the  diameter  of  the 
transition  tapered  from  approximately  42  feet  at  the  shaft  to  about  32  feet  at 
the  tunnel  portal. 

The  transition  was  excavated  in  four  benches  in  conjunction  with  the  lower  42 
feet  of  vertical  shaft  excavation.  Each  of  the  approximately  10  to  8-foot 
high  benches  were  cut  when  the  vertical  shaft  had  been  excavated  to  the  bottom 
of  that  respective  level.  After  the  full  60-foot  length  of  the  transition  was 
excavated  and  supported  for  a  particular  bench,  the  vertical  shaft  was  taken 
down  another  10  feet  to  the  bottom  of  the  next  bench,  and  so  on  to  invert. 

The  transition  excavation  was  supported  with  WIO  X  49  steel  ribs  and  12  inches 
of  3500  psi  shotcrete.  Wood  blocking  was  used  only  in  places  to  insure  that 
the  ribs  were  making  full  contact  with  the  surrounding  ground;  all  other  gaps 
between  the  ribs  and  the  ground  were  filled  with  shotcrete.  There  were  16  of 
the  steel  ribs  labelled  A  through  P  with  Rib  A  set  in  the  first  1  5  feet  of 
the  transition,  Ribs  B  and  C  set  on  3-foot  centers,  and  the  remaining  ribs  set 
on  4- foot  centers. 

The  shaft  collar  was  set  between  elevation  638.8  and  626  8  on  January  29, 

1988.  Thereafter,  the  excavation  proceeded  in  3  to  8 -foot  vertical  tiers,  and 
reached  the  bottom  elevation  of  488,0  on  August  8,^  1988.  The  lateral 
transition  excavation  was  completed  4  days  later  on  August  12,  1988. 

5-06  Inlet  Shaft  Excavation.  The  inlet  shaft  excavation  followed  lines  and 
grades  similar  to  those  presented  in  the  contract  drawings  except  that 
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adjustsaents  were  made  to  allow  for  a  4>inch  enlargement  of  the  final  inside 
diameter.  The  inside  diameter  of  both  the  inlet  shaft  and  the  tunnel  were 
changed  from  24  feet  to  24  feet  4  inches.  The  shaft  was  excavated  by  backhoe 
in  4  to  9 'foot  deep  tiers.  A  hydraulic  ram  was  attached  to  the  backhoe  when 
necessary  to  break  through  layers  of  harder  liny  clay  shale.  The  primary 
support  was  according  to  the  contractor's  approved  design  which  allowed  for  a 
specified  rock  pressure  of  5  kips. 

The  first  work  required  at  the  inlet  shaft  site  was  to  dewater  the  approach 
channel.  The  inlet  shaft  was  the  only  large  shaft  constructed  within  the 
actual  channel  of  San  Pedro  Creek.  A  concrete  approach  channel  had  already 
been  constructed  under  a  previous  contract,  and  was  filled  with  water  to  a 
depth  of  about  15  feet.  To  dewater  the  work  site,  the  water  was  pumped  out  of 
the  approach  channel;  a  back* flow  dike  was  built  downstream  from  the  site;  an 
upstream  dam  was  constructed  of  steel  beams  placed  across  the  piers  of  the 
Quincy  Street  Bridge;  and  water  was  bypassed  from  the  Quincy  Street  dam  to  the 
back'flow  dike  through  a  30'inch  diameter  steel  culvert.  Also,  a  sump  and 
large  trash  pump  were  installed  within  the  dewatered  approach  channel  to 
remove  water  from  leaks  or  overflows. 

The  previous  approach  channel  construction  had  removed  the  overburden  and 
weathered  clay  shale  at  the  site.  Therefore,  the  contractor  had  only  to 
remove  the  rip  rap,  channel  concrete,  and  a  few  inches  of  material  to  begin 
the  shaft  excavation  in  massive  unweathered  clay  shale. 

The  upper  portion  of  the  shaft  excavation  was  in  the  shape  of  an  equilateral 
rhombus,,  but  was  nearly  square  with  a  width  of  31  feet  2  inches.  It  extended 
to  a  depth  of  21  feet  from  elevation  623  to  602.  The  initial  support  was  3 
inches  of  shotcrete  designed  mostly  to  prevent  desiccation  and  air-slaking  of 
Che  clay  shale.  Additional  support  was  provided  by  24  rock  anchors  installed 
on  5-fooc  centers  at  each  of  two  elevations,  617  and  612.  These  anchors  were 
8-feet  long,,  3/4-inch  diameter,,  and  fully  resin  grouted. 

After  the  upper  shaft  was  excavated  to  elevation  602,,  a  24 -foot  high  by 
52-foot  diameter  circular  water  protection  cell  was  constructed  around  the 
work  area  The  cell  was  erected  to  prevent  flooding  until  a  temporary 
concrete  surface  structure  could  be  built  over  the  shaft.  The  cell  resembled 
a  large,  open-ended,  wooden  barrel  similar  to  the  structure  constructed  for 
the  collar  at  the  outlet  shaft.  However,  this  barrel  structure  was  set  on  the 
ground  surface  around  the  excavation.  The  cell  was  constructed  of  5  steel 
rings  held  apart  by  6 -foot  long  wooden  lagging  placed  lengthwise  between  the 
rings  The  steel  rings  were  W12  X  58,,  and  the  wooden  lagging  was  actually 
6-inch  by  8-inch  railroad  ties.  The  outside  of  the  cell  was  overlain  with  a 
layer  of  visqueen  to  help  make  it  water  tight.  The  base  was  anchored  into  the 
ground  by  No  11  rebar  dowels  driven  through  24  selectively  spaced  holes  in 
the  bottom  steel  ring.  The  base  was  then  shotcreted  or  both  sides.  The  cell 
leaked  during  approach  channel  flooding,  but  not  profusely 

The  upper  21  feet  of  excavation  provided  the  foundation  for  the  temporary 
concrete  surface  structure.  The  structure  began  within  the  shaft  at  elevation 
603.43,  and  had  the  same  rhombus  shape  as  the  excavation.  The  entire 
structure  was  constructed  of  reinforced  concrete,  which  included  a  3  0-foot 
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wide  by  3.5-foot  deep  collar  at  the  ground  surface.  The  structure  extended  33 
feet  above  the  creek  channel  to  elevation  656,  slightly  above  the  100-year 
flood  level  of  655.2. 

The  shaft  excavation  gradually  changed  from  the  rhombus  shape  at  elevation 
603.43  to  circular  at  elevation  578.0.  Thus,  the  radius  of  curvature  at  the 
comers  changed  from  zero  at  elevation  603.43  to  12  feet  2  inches  at  elevation 
578.0.  This  portion  of  the  excavation  was  also  supported  with  shotcrete  and 
rock  anchors.  The  shotcrete  design  was  a  5-inch  thickness  of  3500  psi 
shotcrete  reinforced  with  6  X  6-W2-9  X  W2.9  welded  wire  fabric.  The  rock 
anchors  were  designed  as  additional  support  for  the  straight  or  uncurved  sides 
of  the  shaft;  this  gave  progressively  fewer  rock  anchors  with  depth  as  the 
shaft  became  more  circular.  The  anchors  were  installed  across  straight  wall 
sections  on  5-foot  centers  and  In  5-foot  tiers  with  depth.  The  number  of  rock 
anchors  installed  at  each  respective  elevation  were  20  at  601,  16  at  596,  12 
at  591, _  8  at  586,.  and  4  at  581.  These  anchors  were  18-foot  long,  1.25-inch 
diameter,  No.  10  Dywidag  threadbare  cement  grouted  into  5-inch  diameter  holes. 

The  excavation  between  elevation  578.0  and  the  shaft  elbow  at  elevation  553.9 
was  a  vertical  circular  section  supported  by  5  inches  of  3500  psi  shotcrete 
reinforced  with  one  layer  of  6  X  6-W2.9  X  W2.9  welded  wire  fabric.  No  rock 
anchors  were  required  in  this  section. 

Belov  elevation  553.9  the  elbow  curvature  of  the  shaft  began  to  undercut 
toward  the  tunnel  portal.  Unlike  the  outlet  shaft,  this  shaft  was  the  same 
diameter  as  the  tunnel,  and  required  no  transitional  tapering  between  the 
elbow  section  and  the  tunnel  portal.  The  excavation  below  elevation  553.9  was 
Initially  planned  to  scop  at  elevation  517,  about  a  foot  below  tunnel 
springline,  and  thereby  allow  the  TBH  to  excavate  the  remainder  to  invert  when 
it  holed- through  into  the  shaft.  However,  the  shaft  excavation  continued  to 
elevation  508,  which  left  only  3.6  feet  for  the  TBH  to  excavate  to  invert 
elevation  504.4. 

The  elbow  excavation  was  supported  with  shotcrete  and  rock  anchors.  The 
shotcrete  was  8  inches  thick  and  reinforced  with  one  layer  of  4  X  4-U4.7  X 
U4  7  welded  wire  fabric.  In  the  downstream  section  of  the  shaft,  where  the 
radius  of  curvature  exceeded  15  feet,  rock  anchors  were  used  for  added 
support.  These  were  15-foot  long,  1.25-inch  diameter,.  No  10  Dyvidag 
threadbars  cement  grouted  into  5 -inch  diameter  holes.  The  anchors  were 
generally  spaced  on  4  to  5 -foot  centers  and  perpendicular  to  the  shotcreted 
wall  However,  in  the  crown,  or  "brow,"  of  the  elbow  curvature  they  were 
inclined  upward  at  37®. 

Excavation  of  the  San  Pedro  Creek  Inlet  Shaft  began  at  elevation  623  in  the 
creek  channel  on  October  10,,  1988.  The  rhombus  shaped  upper  portion  of  the 
excavation  was  completed  to  elevation  602  on  October  18,  1988.  The  temporary 
concrete  surface  structure  was  then  constructed  after  which  the  shaft 
excavation  resumed  on  January  6,  1989.  The  next  section,  which  was  a 
transition  from  rhombus  to  circular  shape,  was  completed  at  elevation  578  on 
February  2,  1989  The  shaft  excavation  was  finished  at  elevation  508,  3.6 
feet  above  the  invert,  on  June  19,  1989.  The  TBM  hole -through  was  on  July 
13,,  1989. 
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5-07.  Maintenance  Shaft  Excavation.  The  maintenance  shaft  excavation  was 
performed  according  to  the  contractor's  approved  submittal,  which  generally 
provided  the  specified  shaft  dimensions.  Tlie  excavation  was  accomplished 
primarily  by  two  drilling  subcontractors  between  May  9  and  August  11,  1988. 

Cato  Electric  and  Drilling  began  the  work  by  drilling  a  ring  of  27  concrete 
soldier  piers  around  the  shaft  circumference.  These  36-inch  diameter  piers 
were  intended  to  provide  initial  support  through  the  alluvial  overburden  into 
the  underlying  weathered,  but  impervious,  clay  shale.  At  Ohbayashi's  field 
discretion,  however,  the  piers  were  extended  throu^  the  weathered  clay  shale 
into  the  tmderlying  tinweathered  formation  at  depths  of  36  to  42  feet.  The 
procedure  was  to  auger  every  other  pier,  and  backfill  it  with  3000  psi 
concrete.  The  intermediate  piers  were  then  augered  with  a  minimum  of  1-inch 
overlap  on  the  adjacent  piers,  and  likewise  backfilled  with  3000  psi  concrete. 
This  overlapping  established  an  8 -inch  bearing  surface  from  pier  to  pier,  and 
provided  a  ground  water  barrier  through  the  alluvitim. 

The  21.5-foot  wide  interior  of  the  soldier  pier  ring  was  then  excavated  by 
Ohbayashi  with  a  backhoe.  To  prevent  any  possible  inward  movement  of  the 
piers,  W8  X  35  steel  rings  were  installed  at  ground  surface,  at  about  the 
15-foot  depth,  and  at  about  the  30-foot  depth.  The  backhoe  excavation 
continued  below  the  piers  to  the  50-foot  depth,  enlarging  the  diameter  to  22 
feet.  Below  the  piers,  the  excavation  was  supported  with  a  6 -inch  nominal 
thickness  of  shotcrete. 

Beck  Foundation  Company  drilled  the  remainder  of  the  shaft  with  a  Northwest 
5045  crane-type  rotary  drilling  rig.  A  3-foot  diameter  pilot  boring  was  first 
drilled  to  the  122-foot  total  depth.  Then  progressively  larger  bores  of  4 
feet,  6  feet,  and  8  feet  were  drilled  to  various  depths.  After  reaching  an 
8-foot  diameter  the  shaft  was  enlarged  by  progressively  reaming  to  diameters 
of  11  feet,  16  feet,  19  feet,  and  finally  to  22  feet  4  inches.  The  6  nominal 
inches  of  shotcrete  support  was  generally  applied  when  a  7 -foot  deep  tier  had 
been  reamed  to  the  final  diameter.  The  pilot  bore  served  as  a  catchment  for 
the  drill  cuttings,  and  was  cleaned  out  periodically  with  an  auger. 

The  shaft  was  excavated  122.0  feet  from  the  ground  surface  elevation  of  642.5 
to  a  bottom  elevation  of  520.5.  This  placed  the  shaft  7.5  feet  below  the 
crown  elevation  of  the  unexcavated  tunnel.  The  shaft  was  then  backfilled  with 
sand  to  elevation  530.  This  allowed  the  final  concrete  liner  to  be  placed 
upward  from  that  elevation  to  an  inside  diameter  of  18.0  feet. 

The  intersection  of  the  maintenance  shaft  with  the  tunnel  was  excavated  to 
tunnel  springline  for  approximately  16  feet  to  each  side  of  the  shaft 
centerline.  The  excavation  was  done  by  roadheader,  backhoe,  and  pnexiraatic 
spaders  in  advance  of  the  TBM  tunneling,  and  extended  from  Station  181+58  to 
Station  181+90.  It  was  supported  with  W8  X  48  steel  ribs  set  on  4- foot 
centers,  shotcrete  as  needed,  and  wooden  lagging.  The  lower  half  of  the 
tunnel  was  supported  by  the  precast  concrete  liner  as  the  TBM  completed  the 
excavation  below  springline.  Finally,  the  upper  half  of  the  tunnel  and  the 
shaft  intersection  were  formed  and  cast  with  4000  psi  reinforced  concrete. 
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5-08.  Vent  Shaft  Excavations.  The  vent  shafts  were  excavated  and  supported 
according  to  the  contractor's  approved  submittal.  Two  6 -foot  diameter  drilled, 
vent  shafts  were  specified  for  San  Pedro  Creek  Tunnel,  and  were  to  be  lined 
with  a  4-foot  Inside  diameter  precast  concrete  pipe.  However,  to  connect  the 
tongue  and  groove  pipe  joints  with  0-rlng  gaskets  would  have  been  somewhat 
difficult,  as  would  the  Inspection  In  these  deep,  narrow  shafts.  Therefore, 
the  Government  approved  the  contractor's  proposal  to  Install  a  4-foot  Inside 
diameter,  3/8-lnch  thick,  steel  casing  from  the  ground  surface.  The  general 
shaft  dimensions  were  not  changed. 

In  May  1988,  Beck  Foundation  Company  augered  both  vent  shafts  using  a 
Northwest  5045  crane-type  rotary  drill  rig.  The  first  vent  shaft  was  located 
just  north  of  Durango  Street  at  tunnel  Station  158+14.13,  and  was  drilled  to 
the  121.0-foot  depth.  The  shaft  was  then  backfilled  with  drill  cuttings  to 
the  117.7-foot  depth,  to  which  depth  the  permanent  steel  casing  was  seated. 

The  second  vent  shaft  was  located  near  the  Intersection  of  Camaron  and  Salinas 
Streets  at  tunnel  Station  185+73.90,  and  was  drilled  to  the  117.0-foot  depth 
This  shaft  was  also  backfilled  with  drill  cuttings  to  provide  a  seat  for  the 
permanent  steel  casing  at  the  114.0-foot  depth. 

The  general  construction  procedure  for  each  shaft  was  to  auger  an  oversized 
bore  through  the  alluvial  overburden  and  set  a  temporary  surface  casing  Into 
the  Impermeable  clay  shale.  The  remainder  of  the  shaft  was  then  augered  to  a 
minimal  6- foot  diameter,,  and  backfilled  with  drill  cuttings  to  the  permanent 
casing  depth,  about  5  Inches  above  the  projected  tunnel  bore.  The  4.0-foot 
Inside  diameter  steel  casing  was  Installed  with  the  1.0-foot  wide  annular 
space  backfilled  with  3000  psl  concrete.  The  temporary  casing  was  removed  as 
the  concrete  backfill  approached  the  ground  surface. 

No  further  excavation  was  required  for  the  Intersection  of  the  vent  shaft  and 
the  tunnel,-  other  than  minor  spading  for  a  concrete  ring  beam  at  the  junction. 
The  TBM  excavated  through  the  bottom  of  the  shafts  removing  the  backfill 
cuttings  through  the  mucking  system.  As  the  precast  segmental  liner  wes 
erected  through  the  shaft  area,;  the  crown  key  segments  were  omitted  and 
replaced  by  U6  X  20  steel  sets  and  wood  lagging.  At  the  Durango  Street  shaft 
five  key  segments  were  omitted  between  Stations  158+10  and  158+30.  However, 
at  the  Salinas  Street  shaft  only  one  key  segment  at  Station  185+74  was 
omitted.  The  Intersections  were  later  formed  and  cast  with  4000  psi 
reinforced  concrete. 

5-09.  Hydraulic  In.strumentatlon  Shaft  Excavations.  The  two  hydraulic 
Instrumentation  shafts  for  San  Pedro  Creek  Tunnel  were  constructed  according 
to  the  contractor's  approved  submittal.  The  submittal  provided  for  a  12 -inch 
inside  diameter.  Schedule  40  steel  cased  shaft  as  specified. 

However,  there  were  a  few  changes  proposed  in  the  procedures.  One  change  was 
to  drill  a  24-inch  diameter  boring  rather  than  the.  specified  16-inch  boring. 
Also,  since  the  upstream  shaft  was  actually  located  within  San  Pedro  Creek,  a 
54- inch  diameter  surface  casing  was  used  as  a  work  caisson  through  the  water, 
and  a  24-inch  diameter  corrugated  metal  pipe,  C.H.P.,  was  installed  as  a 
permanent  stick-up  above  the  creek  surface. 
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Both  of  these  shafts  were  drilled  in  April  1988  by  Beck  Foundation  Company 
using  a  Northwest  5045  crane-type  rotary  drill  rig.  One  shaft  was  located 
near  the  outlet  shaft  at  tunnel  Station  143+00.  It  was  drilled  to  the 
119.2-foot  depth,  and  was  backfilled  with  2  feet  of  drill  cuttings  to  provide 
the  permanent  casing  seating  at  the  117.2-foot  depth.  The  other  shaft  was 
located  in  Che  creek  channel  near  the  inlet  shaft  at  Station  199+81.  Its 
drilled  depth  was  107.0  feet  with  permanent  casing  set  2  feet  higher  on 
backfilled  drill  cuttings. 

The  general  construction  procedure  was  first  to  drill  an  oversized  hole 
through  the  overburden  and  set  temporary  casing  into  the  impervious  clay 
shale.  The  remainder  of  Che  shaft  was  then  augured  at  a  24- inch  diameter  Co 
the  total  depth.  The  lower  2  feet  of  the  hole  was  backfilled  with  drill 
cuttings  to  provide  a  casing  seating  about  5  Inches  above  the  projected  tunnel 
bore.  This  was  followed  by  the  installation  of  the  12 -inch  diameter,  Schedule 
40  steel,  permanent  casing.  The  annular  space  was  backfilled  with  sand-cement 
grout,  and  the  temporary  casing  was  removed  as  the  grout  approached  the  ground 
surface . 

The  upstream  shaft,  being  in  Che  creek  channel,  had  a  couple  of  additional 
features.  To  prevent  the  stream  flow  from  entering  the  shaft,  a  temporary 
54- inch  diameter  steel  casing  was  installed  to  a  depth  of  3  feet  below  the 
channel,,  and  was  removed  when  the  construction  was  completed.  Also,  a 
permanent  outer  casing  was  installed  at  the  surface  to  provide  a  stick-up  of 
about  2  feet  above  the  water  level.  When  the  cement  backfill  had  been  poured 
around  the  12- inch  diameter  permanent  casing  up  to  the  stream  channel,  a 
24-inch  diameter,  16  gauge  C.M.P.  was  pressed  into  the  cement  to  form  an  outer 
easing  through  the  water.  The  annular  space  between  the  C.M.P.  and  the 
Schedule  40  casing  was  also  backfilled  with  the  cement 

No  further  excavation  was  required  for  the  intersection  of  the  shaft  and 
tunnel.  The  TBM  cut  through  the  lower  portion  of  the  shaft  and  removed  the 
backfill  cuttings.  A  12-inch  diameter  hole  was  cut  through  the  precast  tunnel 
liner  to  access  the  bottom  of  the  shaft.  A  sona-tube  form  was  secured  between 
the  tunnel  liner  and  the  shaft  casing.  The  annular  space  behind  the  tunnel 
liner  was  then  filled  with  pea  gravel,  and  finally  grouted  around  the 
sona-tube. 

5-10.  Tunnel  Excavation.  As  discussed  in  preceding  paragraphs,  the  tunnel 
was  excavated  by  a  modified  Robins  TBM  and  supported  with  a  precast  concrete 
segmental  liner.  The  TBM  excavated  the  5, 843- foot  long  tunnel  to  a  diameter 
of  26  feet  11  inches.  The  precast  liner,  consisting  of  6  segments  per  ring, 
was  insta’led  within  the  TBM  tail  shield  by  a  circular  erector  arm  located 
about  38  reet  behind  the  heading  The  liner  segments  were  4  feet  wide  and  1 
foot  thick  giving  the  tunnel  an  inside  diameter  of  24  feet  4  inches  with  an 
outside  annular  space  of  3.5  inches  The  liner  was  primarily  supported  with 
pea  gravel  blown  into  the  annular  space  and  later  grouted  with  1 : 1  cement 
grout  (water-cement  ratio  by  volume)  about  500  feet  or  more  behind  the 
heading  The  specified  lines  and  grades  of  the  excavation  were  controlled  by 
laser  beam  Instrumentation. 


Although  the  tunnel  excavation  encountered  no  major  problems,  the  rate  of 
advance  averaged  only  half  of  the  anticipated  60  feet  per  day.  The  work 
schedule  consisted  of  two  10-hour  shifts  per  day  which  usually  Included 
Saturdays.  The  largest  advance  in  a  day  was  106  feet  on  July  9,  1989,  but  the 
average  was  30  feet.  The  average  rate  was  lowered  considerably  by  the  107 
workdays  required  to  complete  the  first  700  feet  of  tunnel.  This  slow  start 
was  attributed  to  an  initial  learning  curve  for  the  workers,  mechanical 
problems,  the  Christmas  holiday  season,  and  the  typical  difficulties  of 
starting  tunnel  construction  on  a  curve  section;  the  first  600  feet  of  the 
tunnel  were  in  a  curve.  After  the  first  700  feet,  the  tunneling  progress 
Improved  with  only  occasional  delays.  These  minor  delays  were  generally  only 
a  few  days  in  duration,  and  often  due  to  the  contractor's  difficulty  in 
keeping  the  pea  gravel  and  grouting  operations  in  pace  with  the  excavation 
rate. 

This  lag  in  the  pea  gravel  and  grout  backpacking  became  a  major  concern  to  the 
Government,  since  it  was  the  contractor's  proposed  primary  means  of  providing 
positive  structural  support  for  the  precast  segmental  liner  It  was  essential 
for  safety  and  the  operational  longevity  of  the  tunnel  to  provide  a  stable 
circular  liner  and  to  secure  chat  liner  with  a  solid,  uniformly  grouted 
contact  with  the  surrounding  rock.  The  circularity  of  Che  liner  had  Co  be 
preserved  to  prevent  differencial  pressures  developing  around  the  tunnel.  The 
annular  void  behind  the  liner  had  to  be  completely  filled  to  prevent 
deterioration  of  Che  surrounding  clay  shale  and  to  create  a  uniformly 
structural  contact.  Therefore,  a  timely  and  thorough  placement  of  pea  gravel 
and  grout  were  crucial  not  only  as  Initial  liner  support,,  but  also  as  final 
liner  stabilization.  When  the  contractor  became  lax  in  properly  executing 
these  essential  operations,  the  Government  was  obliged  to  stop  the  tunnel 
excavation  until  the  liner  erection  procedure  was  brought  into  full  compliance 
with  Che  approved  plan.  When  pea  gravel  support  was  lacking  behind  the  liner 
and/or  when  grouting  lagged  too  far  behind  the  excavation,  the  Government 
directed  the  contractor  to  cease  tunnel  excavation  until  these  operations  were 
caught  up.  These  cease  work  orders  were  issued  five  times  on  the  following 
dates;  March  2,  March  23,  April  7,  June  16  and  June  19,  1989. 

The  tunnel  excavation  began  on  November  7,  1988  with  a  scheduled  completion 
dare  of  March  7,  1989.  The  TBM  holed- through  into  the  inlet  shaft  at  06:05 
p.m.  on  July  13,  1989.  This  was  Thursday  evening;  the  contractor  worked  a 
partial  crew  the  next  day,  but  no  one  worked  on  Saturday  or  Sunday. 

Therefore,  completion  was  four  days  later  on  Monday,  July  17  when  the  TBM  had 
passed  to  the  back  of  the  shaft  (excavating  the  lower  3,6  feet)  and  all  of  the 
tunnel  liner  had  been  set. 

See  Appendix  B  for  tunneling  progress  charts. 
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PART  VI 


CHARACTER  OF  FOUKDATIOK  OR  TUNNELING  MEDIUM 


6-01.  General .  As  anticipated,  the  Taylor  Formation  proved  to  be  a 
relatively  stable  tunneling  meditim.  It  was  the  only  rock  formation 
encountered,  and  it's  generally  massive  character  persisted  throughout  the 
excavations.  The  rock  was  soft  enough  to  readily  excavate  without  blasting, 
and  yet  firm  enough  to  stand  well  in  vertical  cuts.  Minor  crown  fallout  or 
block  settlement  occurred  in  the  softer  strata  due  to  excessive  exposure 
before  the  rock  was  fully  supported;  however,  these  were  indeed  minor  and  of 
little  construction  consequence.  Some  inevitable  stress  relief  fracturing 
occurred,  but  joints  and  fractures  were  generally  sparse.  In  short,  the  San 
Pedro  Creek  Tunnel  and  Shafts  were  constructed  in  impermeable,  massive, 
structurally  competent,  but  variably  expansive  clay  based  rock. 

The  following  paragraphs  summarize  the  ground  conditions  encountered  in  the 
tunnel  and  in  each  shaft. 

6-02.  Tunnel  Foundation  or  Medium.  The  Taylor  Formation  provided  a  massive, 
competent,  stable  rock  medium  throughout  the  tunnel,  however,^  the  material 
varied  somewhat  along  the  alignment.  As  the  tunnel  was  excavated  upstream 
from  outlet  to  inlet  it  passed  through  successively  older  strata  within  the 
formation.  This  was  due  to  the  .002  upstream  grade,  a  2  degree  southeastward 
dip  of  the  bedding,  and  32  feet  of  down- to- the -south  faulting  at  about  Station 
171+30.  These  strata  were  Identified  from  youngest  to  oldest  as  M-1  through 
M-5,  and  as  previously  discussed  in  Part  III,  the  stratigraphically  lower  and 
older  beds  increase  in  carbonate  content.  The  result  is  that  the  M-1  and  M-2 
materials  are  more  clayey  and  not  as  strong  as  the  better  indurated  limy 
materials  of  the  M-3  through  M-5  strata.  Therefore,  the  first  2,892  feet  of 
tunnel,  which  was  on  the  downthrown  side  of  the  fault,  encountered 
lithologically  weaker  M-1  and  M-2  materials,  whereas  the  2,951  feet  of  tunnel 
upstream  of  the  fault  encountered  the  stronger  M-3  and  M-4  materials. 

These  stratigraphic  changes  in  the  clay  to  calcium  carbonate  ratio  presented  a 
pronounced  material  contrast  across  the  fault  at  Station  171+50,  which  roughly 
divides  the  tunnel  length  in  half.  The  M-1  and  M-2  strata  in  the  downstream 
half  is  dark  gray,  unctuous,  massive,  soft  to  moderately  soft,  variably 
calcareous,  geologically  consolidated  or  slightly  indurated  clay  based  rock 
which  with  fissility  forms  a  clay  shale  or  otherwise,  where  nonfissile,,  could 
be  classified  a  claystone.  This  is  the  weaker  material  of  the  formation 
having  an  unconfined  compressive  strength  as  low  as  5  tsf,  but  normally  around 
25  tsf.  In  the  upstream  half,  the  M-3  and  M-4  strata  (also  M-5,  though  it  is 
below  the  tunnel  elevation)  is  gray  to  light  gray,  earthy,  massive,  moderately 
soft  to  moderately  hard  with  occasional  hard  lenses,^  very  calcareous  or  limy, 
well  indurated  clay  based  rock  which  can  be  called  a  clay  shale  where  fissile 
or  claystone  where  nonfissile.  Actually,  much  of  this  lower  portion  of  the 
formation  has  the  high  carbonate/clay  mixture  of  an  indurated  marl  and  could 
be  classified  as  a  marlstone,  or  an  argillaceous  limestone  where  the  calcitim 
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carbonate  predosinates.  This  is  the  strongest  saterlal  of  the  foraation 
having  xmconfised  co^ressive  strengths  tkozvally  a*otmd  70  tsf. 

These  Material  descriptions  give  the  predominant  characteristics  of  the 
strata.  However^  it  should  be  noted  cha;.  stringers  of  li^  shale  occur 
occasionally  in  the  upper  strata,  and  occasional  clayey  shale  layers  occur  in 
the  lover  strata. 

^e  downstream  M*1  and  M'2  clayey  materials  tended  to  deteriorate  vhen 
subjected  to  extensive  unsiq>ported  exposure  by  slow  tunneling  progress.  S<ae 
crovn  fallout  and  block  settlement  occurred,  but  noting  large  or  of  long  tera 
detriment.  As  tunneling  began  the  TBK  moved  only  36  feet  in  the  first  8  days 
with  the  result  that  fallout  developed  to  2  feet  above  the  crown  for  the  first 
7  feet  along  alignent.  Further,  the  generally  slow  progress  in  much  of 
the  downstream  tunnel  caused  the  tunnel  bore  to  be  unsupported  arotmd  the  TBM 
for  as  much  as  5  or  6  days  before  a  cut*  section  would  progress  back  to  the 
tail  shield  where  the  liner  could  be  installed.  The  material  was  thus  exposed 
for  an  extended  time  to  desiccation,  air*slaking,  and  the  opening  of  stress 
relief  fractures.  Nevertheless,  no  sajor  fallouts  developed.  Some  block 
settlement  was  noted  in  places  on  the  TBM  shield  and  over  the  crovn  of  the 
liner,  but  no  blocks  ever  fell  around  the  shield  into  the  invert.  Although 
there  was  some  concern  that  block  settlement  at  times  was  warping  or 
deflecting  the  crovn  of  the  tail  shield  downward,  the  tightness  of  the  shield 
against  the  material  could  also  be  attributed  to  the  undulatory  maneuvering  of 
the  IBM.  In  addition,  a  thin  1/4  to  1/2- inch  layer  of  compressed  ravelings 
was  sometimes  noted  at  the  call  shield  cut-out  section,  which  indicated  that 
muck  cuttings  and/or  slaking  material  was  falling  around  the  TBM 

The  massive  character  of  the  formation  was  always  obvious  in  the  cut-out 
section  of  the  tail  shield,  and  it  is  doubtful  that  any  exceptionally  large 
blocks  ever  settled  out  of  the  crovn.  The  fast  that  only  15  of  56  borescope 
holes  in  this  section  of  tunnel  had  fractures  is  indicative  of  the  pcr.«?istent 
massiveness  of  the  formation.  Also,  all  but  2  of  the  borings  with  fractures 
were  above  springline  which  suggests  that  these  few  fractures  were  stress 
relief  development  in  the  crown  through  several  days  of  unsupported  exposure. 
(Borescope  observations  were  conducted  in  3-foot  deep  borings,  7  holes  per 
station  spaced  45  degrees  apart  around  the  tunnel  bore,  at  Stations  143+63, 
143+71,  143+79.  143+S7.  143+95,  158+39,  153+47.  and  158+55  ) 

A  concern  derived  from  fallout  behind  the  liner  was  in  the  pea  gravel  and 
grout  backpacking  operation  Chunks  and  ravelings  of  deteriorated  material 
fallen  around  the  outside  of  the  liner  obstructed  the  thorough  placement  of 
pea  gravel  throughout  tht  annular  space  Voids  left  by  the  fallout  and  open 
joints  required  a  determined  effort  to  insure  that  all  empty  space  surrounding 
the  liner  was  filled  with  pea  gravel  and/or  grout  However,  though  some 
secondary  grouting  was  required,  final  test  borings  through  the  liner  to  5 
feet  within  the  rock  indicated  that  there  was  gwod  grout  penetration  and 
complete  rock  consolidation  about  the  liner  This  was  imperative  to  maintain 
the  longterm  integrity  of  the  surrounding  grounu,  and  to  prevent  differential 
pressures  from  developing  against  tne  tunnel  liner 
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Both  the  materiel  strength  ex>d  the  tunneling  rate  improved  in  the  upstrees 
half  of  die  tunnel.  Ibe  better  indurated  lij^  M'3  and  materials  vere  sore  , 
resistant  to  deterioration,  and  the  unsupported  exposure  time  decreased  fros 
several  dsys  to  a  day  or  less  as  the  tunneling  operation  improved.  As  a 
result,  ti^re  vas  no  fallout  or  block  settlement  upstream  from  the  fault  at 
Station  lyi-f-SO. 

6-03.  Outlet  Shaft  The  outlet  shaft  vas  excavated  through  27 

feet  of  allvvial  overburden.  13  feet  of  veathered  Taylor  Formation,  and  111 
feet  of  xmveathered  T^lor  Formation.  The  alltxvial  overburden  incliided,  from 
the  grotmd  surface  downward,  4  feet  of  cl^  fill,  3  feet  of  clay,  2  feet  of 
silt,  10  feet  of  gravelly  clay,  2.5  feet  of  sand,  and  5.5  feet  of  gravel. 

Ground  vater  at  200  gpm  occurred  between  the  top  of  the  sand  layer  at  the 
19-foot  depth  and  the  veathered  clay  shale  at  the  27-foot  depth.  The 
veathered  clay  shale  of  the  Taylor  was  tan  with  gray  mottling,  soft,  generally 
massive  with  occasional  fractures.  The  unweathered  Taylor  vas  gray  to  dark 
gray  clay  shale,  predominantly  soft  to  moderately  hard  in  places,  massive, 
variably  calcareous,  and  occasionally  Jointed  or  fractured. 

Thou^  the  Taylor  at  the  outlet  shaft  was  the  yotmger  and  softer  portion  of 
the  formation,  it  vas  a  sound,  firm  foundation  rock.  The  top  of  the  M-1 
stratigraphic  marker  bed  was  at  about  elevation  524;  this  was  at  the  115- foot 
depth  or  about  10  feet  below  the  cro%m  of  the  shaft-to-tunnel  transition, 
nevertheless,  all  of  the  rock  formation  throughout  the  shaft  vas  the  uppermost 
Taylor,  and  essentially  the  same  characteristic  iftaterlal.  This  was  the  more 
clayey  and  less  limy  material  of  the  downstream  tunnel  alignment,  vhich 
excavated  easily  while  standing  very  well  in  vertical  cuts.  There  were  a 
couple  of  fallout  slabs  from  the  crown  of  the  horizontal  transition  section; 
the  dimensions  of  one  vas  6  feet  by  4  feet  by  2  feet  and  the  other  vas  6  feet 
by  3  feet  by  1/2  foot.  These  fallouts  vere  derived  from  stress  relief 
partings  along  bedding  planes  due  to  a  delay  in  shotcrete  applications. 
Normally,  excavation  surfaces  vere  smooth  shoving  little  disturbance  to  the  in 
situ  character  of  the  material. 

The  formation  was  typically  massive  with  only  occasional  fractures  or  joints. 

A  few  irregular  discontinuous  fractures  were  noted  in  the  weathered  clay  shale 
in  the  northern  half  of  the  shaft.  One  nearly  horizontal,  relatively  tight 
joint  striking  east  and  dipping  1  degree  north  vas  mapped  at  elevation  578, 
the  61-foot  depth.  Several  nearly  horizontal  beddinf  plane  partings  vere 
noted  around  the  100-foot  depth,  between  elevations  539  and  535.  Another 
essentially  horizontal  joint  opened  at  the  top  of  a  1-inch  thick,  white 
bentonite  seam  at  the  107.5-foot  depth,  elevation  531.5.  Several  fractures 
developed  in  the  lower  12  feet  of  the  transition  with  apparent  dips  to  the 
northeast  and  southwest  at  1  to  10  degrees. 

6-04.  Inlet  Shaft  Foundation.  Being  on  the  upthrown  side  of  the  tunnel 
fault,  the  inlet  shaft  extended  through  four  of  the  stratigraphic  units 
identified  within  the  Taylor  Formation.  The  excavation  began  in  the  M-1 
material  at  elev'atlcn  623,  and  the  H-2  bed  vas  16  feet  lower  at  elevation  607 
The  M-3  and  M-4  beds  began  at  elevations  583  and  514  .re'^pectively,  the  40-and 
109- foot  depths.  It  is  noteworthy  that  a  moderately  hard  to  hard  limy  shale 
layer  was  located  at  the  top  of  each  of  these  stratigraphic  units,  these  are 


tbe  Barker  beds  vhicb  are  distingui shanle  on  electric  logs.  Throughout  the 
shaft  the  material  vas  true  to  the  character  of  each  stratigraphic  unit, 
progressing  dovnvard  from  soft  clayey  rock  in  the  t^>per  strata  to  harder, 
li^,  veil  indurated  rock  at  dep^. 

The  entire  inlet  shaft  is  constructed  vithin  unveathered  Taylor  Fomation, 
since  the  overlying  weathered  and  alluvial  saterlals  were  resoved  previously 
during  the  approach  channel  work.  The  upper  62  feet  of  the  shaft  is  in  nostly 
soft  strata  which  excavated  smoothly  with  little  disturbance  to  the  in  situ 
foraation.  However,  the  harder  rock  in  the  lover  57  feet  of  the  shaft 
reqiiired  perctission  excavation  by  hydraulic  raa.  Although  the  excavation  vas 
controlled  soaevhat  by  indistinct  horizontal  bedding,  the  aaterial  tended  to 
break  in  conchoidal,  angular  patterns  giving  a  slightly  rough  texture  to  the 
excavated  sxurface.  Tight,  thin,  discontinuous,  and  apparently  shallow 
fractures  developed  along  the  nearly  horizontal  bedding  planes  between 
elevations  532  and  525,  the  91-to  98-foot  depths.  The  formation  stood  well 
throughout  the  shaft  excavation,  and  the  well  indurated  rock  in  the  lover 
shaft  stood  extremely  well  in  both  vertical  and  horizontal  cuts.  The 
increased  carbonate  to  clay  ratio  of  these  lower  strata  made  the  rock  harder 
and  more  brittle,  but  also  less  susceptible  to  desiccation,  air  slaking  and 
sloughing. 

The  formation  was, persistently  massive.  There  were  relatively  few  fractures, 
and  no  major  joints  chat  extended  completely  through  the  shaft.  A  few 
irregular  discontinuous  fractures  were  located  In  the  upper  3  feet  of  the 
southern  half  of  Che  shaft.  Some  nearly  horizontal  discontinuous  fracturing 
vas  noted  at  elevation  608,  the  IS-fooc  depth.  A  nearly  horizontal,  calcite 
healed  joint  vas  noted  at  elevation  584,  the  39-foot  depth,  but  did  not  extend 
through  the  N-NE  quadrant  of  the  shaft.  In  the  shaft's  S-SV  quadrant,  between 
elevations  539  and  536,  there  were  two  discontinuous  joints  with  apparent  dips 
of  2  degrees  and  3  degrees  $E.  The  few  other  fractures  were  thin,  tight, 
short,  and  probably  shallow  breakage  planes  caused  by  the  percussion 
excavation. 

6-05.  Maintenance  Shaft  Foundation.  The  maintenance  shaft  being  located  at 
tunnel  Station  181+77  is  on  the  upthrown  side  of  the  fault  at  Station  171+50. 
Therefore,  like  the  inlet  shaft,  it  extends  from  the  softer,  clayey  M-1  strata 
near  the  surface  into  the  harder,  more  limy,,  and  better  indurated  materials  at 
depth.  The  maintenance  shaft,  however,  does  not  extend  beyond  the  M-3  strata, 
since  it  is  structurally  dorm-dip  from  the  inlet  The  top  of  the  M-2  strata 
is  at  elevation  582.5,  the  60-foot  depth,  and  the  top  of  the  M-3  is  at 
elevation  562.5,  the  80-foot  depth.  The  top  of  the  M-4  strata  is  correlated 
at  elevation  501,  which  would  be  19,5  feet  below  the  shaft 

The  raintenance  shaft  is  constructed  through  16.0  feet  of  overburden  and  106 
feet  of  Tailor  Formation.  From  surface  elevation  642  5,  it  extends 
progressively  downward  through  7.3  feet  of  clay  fill,  8.7  feet  of  clay,  17  8 
feet  of  weathered  clay  shale,  8  7  feet  of  partially  weathered  clay  shale,  and 
79.5  feet  of  unweathered  clay  shale  Due  to  the  impermeable  character  of  both 
the  overburden  and  the  primary  formation,  there  is  no  observable  ground  water 
otner  than  sparse  wetness  in  the  overburden.  The  upper  44  feet  of  weathered 
and  unweathered  clay  shale  is  soft,  clayey  M-1  mater' h1  Below  the  60- foot 
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depth,  t^e  M*2  strata  becoaes  interbedded  with  aoderately  hard  lis^  layers  of 
several  inches  thickness.  A  6'foot  thick  lii^  bed  occurs  at  the  70>foot 
depth.  Belov  the  M-3  contact  at  the  80'foot  depth  the  naterial  is  generally 
■oderately  soft  to  aoderately  hard,  aore  liay,  and  veil  indurated.  A 
aoderately  hard,  very  liay  zone  extends  between  the  90  and  93-foot  depths. 

The  Taylor  Foraation  at  the  aaintenance  shaft  was  aassive  below  the  42-foot 
depth.  The  weathered  and  partially  weathered  aaterial  of  the  upper  shaft  was 
fractured  with  an  average  spacing  of  about  5  feet,  although  it  varied  from 
less  than  1  foot  to  12  feet.  Except  for  nearly  horizontal  joints  at  the  40 
and  42-foot  depths,  the  fractures  were  flK>stly  high  angle.  Those  which 
occurred  in  the  largely  unweathered  material  below  the  33.8-fooC  depth  were 
channels  for  chemical  weathering;  weathering  had  oxidized  the  shale  from  gray 
to  reddish  tan  in  1  to  2 -inch  wide  bands  along  the  fractures.  Since  the  shaft 
was  excavated  by  drilling  and  reaming,  the  scraping  of  the  reaming  blades 
along  the  shaft  walls  may  have  obscured  occasional  tight  fractures  or  joints 
in  the  lower  shaft.  However,  the  formation  appeared  unfractured  below  the 
42-foot  depth,  and  no  sloughing  occurred. 

6-06-  Vent  Shaft  Foundations.  The  two  vent  shafts  for  San  Pedro  Creek  Tunnel 
were  drilled  on  each  side  of  the  fault  at  Station  171+50.  The  vent  shaft  near 
Durango  Street  is  located  at  Station  158+14  on  the  downthrown  side  of  the 
fault,  and  in  the  soft,  clayey  Upper  Taylor  Formation.  The  top  of  the  M-1 
strata  is  at  elevation  529.3,  the  110-foot  depth  or  11  feet  above  the  bottom 
of  the  shaft.  The  vent  shaft  near  Salinas  Street  is  located  at  Station  185+74 
on  Che  upchrown  side  of  the  fault,  and  extends  from  the  softer,  clayey  H-1 
strata  Into  the  harder  limy  H-3  materials.  The  cop  of  the  H-2  strata  is  at 
elevation  601,  the  42*fooc  depth,  and  the  top  of  the  M-3  Is  at  elevation  578, 
the  65-fooc  depth.  The  cop  of  the  H-4  strata  is  correlated  at  elevation  510, 
the  133 -foot  depth  or  16  feet  below  the  bottom  of  the  shaft. 

The  Durango  Street  vent  shaft  at  Station  158+14  extends  through  23.0  feet  of 
overburden,  16.8  feet  of  weathered  Taylor  Formation,  and  81.2  feet  of 
unweathered  Taylor  Formation.  Progressively  downward,  the  overburden  includes 
1.5  feet  of  sand  fill,  10.5  feet  of  gravelly  clay,  and  11.0  feet  of  clayey 
gravel.  Free  water  was  encountered  between  the  16.0  and  23.0-foot  depths  when 
the  shaft  was  drilled  in  May  1988.  The  weathered  Taylor  consists  of  soft, 
fractured  clay  shale.  The  unweathered  Taylor  is  soft,  massive,  variably 
calcareous  clay  shale.  The  formation  stood  well  with  no  sloughing  during  the 
shaft  sinking. 

The  Salinas  Street  vent  shaft  at  Station  185+74  extends  through  13.58  feet  of 
overburden,  17.42  feet  of  weathered  Taylor  Formation,  and  86.0  feet  of 
unweathered  Taylor  Formation.  The  overburden  consists  of  2  5  feet  of  gravelly 
clay  fill  overlying  il.08  feet  of  clay.  During  the  shaft  sinking  in  May  1988, 
only  a  small  amount  of  ground  water  flowed  along  a  joint  at  the  13.0-fooc 
depth  and  along  the  formation  contact  at  the  13  58-foot  depth.  The  weathered 
Taylor  is  soft,  fractured  clay  shale  at  this  shaft  also.  The  unweathered 
Taylor  begins  in  the  soft,  clayey  M-1  strata,  but  is  increasingly  moderately 
soft  and  more  calcareous  in  the  M-2  below  the  42-foot  depth.  Below  the 
65-foot  depth,  the  M-3  strata  is  moderately  soft  to  moderately  hard  with 
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highly  calcareoiis  or  lii^  layers.  The  fomation  was  aassive  and  stood  well; 
no  sloughing  occurred  during  construction. 


6>07.  Hydraulic  Instruaentation  Shaft  Foundations.  Like  the  vent  shafts,  the 
tvo  hydraulic  instruaentation  shafts  were  drilled  on  each  side  of  the  fault  at 
Station  171+50.  One  of  the  shafts  is  located  near  the  outlet  at  Station 
143+00.  It  is  on  the  dovnthrown  side  of  the  fault,  and  is  in  the  soft,  clayey 
Upper  Taylor  Foraation.  The  top  of  the  M-1  strata  is  at  elevation  522,  the 
116-foot  depth,  or  3.2  feet  above  the  botcoa  of  the  shaft.  The  other  shaft  is 
at  Station  199+81  near  the  inlet,  and  is  on  the  upthrown  side  of  the  fault. 

It  begins  in  the  soft,  clayey  M-1  strata,  and  extends  veil  into  the  harder, 
liay  M-3  strata.  The  top  of  the  M-2  strata  is  at  elevation  605,  the  30.8-foot 
depth,  and  the  top  of  the  M-3  is  at  elevation  580.8,  the  55.0- foot  depth.  The 
M-4  is  correlated  at  elevation  512,  the  123.8-foot  depth,  or  16.8  feet  below 
the  bottoa  of  this  shaft. 

The  hydraulic  instrumentation  shaft  near  the  outlet  extends  through  27.0  feet 
of  overburden,  12.6  feet  of  weathered  Taylor  Formation,  and  79.6  feet  of 
unveathered  Taylor  Formation.  From  the  ground  surface  downward,  the 
overburden  consists  of  2  feet  of  clay  fill,  10  feet  of  clay,  8  feet  of 
gravelly  clay,  and  7  feet  of  clayey  gravel.  The  lower  7  feet  of  clayey  gravel 
contained  free  water  during  construction  In  April  1988.  The  weathered  Taylor 
Formation  is  soft,  fractured  clay  shale.  The  unweathered  Taylor  is  soft, 
massive,  variably  calcareous  clay  shale,  but  has  occasional  thin,  moderately 
soft  to  moderately  hard,  highly  calcareous  layers.  The  formation  stood  well 
without  sloughing  during  construction. 

The  hydraulic  instrumentation  shaft  near  the  inlet  extends  through  0.8  feet  of 
concrete  channel  liner  in  San  Pedro  Creek,  11  feet  of  weathered  Taylor 
Fomation,  and  95.2  feet  of  unveathered  Taylor  Formation.  There  is  no 
alluvial  overburden  at  this  site  since  chan*'el  Improvements  to  the  creek  have 
placed  concrete  liner  directly  on  weathered  clay  shale  of  the  Taylor 
Fomation.  The  weathered  clay  shale  is  soft  and  somewhat  blocky,  but  with 
little  indication  of  fracturing.  During  the  drilling  in  April  1988,,  a  trace 
of  free  water  was  observed  at  the  5-foot  depth;,  this  could  have  been  seepage 
around  the  3-foot  deep  surface  caisson  or  ground  water  flow  along  a  fomation 
fracture.  The  unveathered  Taylor  Formation  is  soft,  clayey  M-1  and  M-2  strata 
in  the  upper  55.0  feet  of  the  shaft.  Moderately  soft  to  moderately  hard,  limy 
zones  increase  with  depth  through  the  underlying  M'3  strata  The  fomation 
was  massive  and  stable  with  no  sloughing  during  construction. 
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PART  VII 


FOUBDATIOM  TSEATHERT 


7-01.  General .  There  was  no  najor  foundation  treatnent  required  for  the 
tunnel  or  shafts.  However,  two  of  the  support  procedures  aay  also  be 
considered  nethods  of  foundation  treatnent.  These  two  operations  were  the 
rock  anchor  installations  in  the  shafts  and  the  grouting  of  the  tunnel  liner. 
Although  both  the  rock  anchors  and  the  grouting  were  required  as  part  of  the 
excavation  support,  they  nay  also  be  considered  foundation  treatment  in  that 
they  enhanced  the  in  situ  stability  of  the  rock  fomation.  These  operations 
have  been  described  as  support  procedures  in  Part  V,  but  will  be  further 
discussed  in  this  section. 

7-02.  Rock  Anchors.  There  were  three  general  ^pes  of  rock  anchors  used  on 
the  San  Pedro  Creek  project.  Type  I  and  ^pe  II  rock  anchors  were  used  in  the 
outlet  shaft.  Type  I  and  Type  III  rock  anchors  were  used  in  the  inlet  shaft. 
The  type  differences  consisted  of  variations  in  length  and  corresponding 
bonding  capacities.  The  rock  anchors  were  normally  stressed  to  design  loads 
and  then  locked  off  at  80t  of  that  load,  which  varied  with  the  length  of  the 
rock  anchor.  Type  I  rock  anchors  were  18  feet  long,  had  a  design  load  of  90 
kips,  and  a  lock-ckff  load  of  72  kips.  Type  II  rock  anchors  were  21  feet  long, 
had  a  design  load  of  110  kips,  and  a  lock-off  load  of  88  kips.  Type  III  rock 
anchors  were  IS  feet  long,  had  a  design  load  of  100  kips,  and  a  lock-off  load 
of  80  kips.  The  Type  III  anchors  were  used  exclusively  in  the  better 
indurated  rock  at  the  inlet  shaft,  and  thus  had  a  higher  bonding  capacity  for 
the  shorter  length  of  anchor. 

All  three  types  of  rock  anchors  were  similar  in  materials  and  construction. 
They  were  all  1.25-inch  diameter.  No.  10  Dywldag  threadbars,  and  were  cement 
grouted  into  5-inch  diameter  holes.  The  anchor  grout  was  a  non-corrosive 
expansive  admixture  with  a  minimum  28  day  compressive  strength  of  3000  psi 
The  recommended  pumping  pressure  for  the  grout  was  30  psi.  PVC  spacers  were 
used  at  equal  distances  along  the  boring  to  keep  the  anchor  in  the  center  of 
the  hole.  A  2’litch  thick,  5-inch  diameter  styrofoam  donut  was  placed  around 
the  anchors  at  the  1.0  to  1.5 -foot  depth  to  act  as  a  grout  barrier;  the 
styrofoam  was  also  supposed  to  provide  a  compressible  cushion  which  would 
allow  the  anchor  bar  to  move  if  the  bonding  capacity  was  exceeded  during  the 
stress  loading.  The  outer  foot  or  so  of  hole  beyond  the  styrofoam  donut  was 
backfilled  with  dry-pack  cement  around  a  PVC  bond  breaker  covering  the  anchor 
bar  An  8  to  10  inch  square,^  1,5 -inch  thick  Dywldag  bearing  plate  was 
installed  against  the  shotcreted  shaft  surface  at  the  outer  end  ot  the  anchor 
bar. 

The  design  of  these  rock  anchors  provided  a  support  effect  similar  in 
principal  to  "soil  nails"  rather  than  typical  rock  bolts  Soil  nails  are 
normally  relatively  short  steel  bars  of  a  fully  bonded  length  installed  as 
reinforcing  inclusions  to  the  in  situ  ground.  Usually  closely  spaced,  they 
produce  a  zone  of  reinforced  ground  which  performs  in  a  manner  similar  to  a 
retaining  wall.  Soil  nails  are  not  stressed  although  it  is  common  to  apply  a 
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snail  seating  load.  Unlike  soil  nails,  rocic  bolts  are  stressed  after 
installation  with  the  load  transferred  along  a  distal,  fixed  anchorage  length; 
this  distal  anchorage  binds  the  unbonded  outer  rock  to  the  nore  stable  ground 
nass  at  depth.  The  rock  anchors  in  the  outlet  and  inlet  shafts  were  stressed 
like  rock  bolts,  and  yet,  like  soil  nails,  they  were  bonded  for  nearly  their 
entire  length.  Only  the  outer  1.0  to  1.5  feet  of  bar  length  was  unbonded. 
Considering  the  thickness  of  shotcrete  on  the  shaft  wall,  this  left  only  the 
outer  few  inches  to  1.0  foot  of  rock  unbonded,  and  the  stressing  load  was 
distributed  along  the  rest  of  the  bar.  Therefore,  the  rock  anchors  acted  as 
stress  loaded  soil  nails  rather  than  bolts  anchored  at  depth. 

Although  this  type  of  rock  anchor  appeared  to  work  satisfactorily  in  the 
massive  rock  of  the  San  Pedro  Creek  shafts,  there  is  some  doubt  that  the 
anchors  could  act^lally  sustain  their  submitted  design  load.  Load  tests  on 
instrumentation  rock  bolts  in  the  soft  clayey  rock  at  San  Pedro  Creek  Outlet 
Shaft  had  difficulty  in  achieving  a  required  20  kips  test  load.  It  was 
therefore  questionable  chat  90  to  110  kips  were  achieved  on  support  rock 
anchors  at  this  same  shaft. 

The  contractor's  method  of  stressing  the  support  rock  anchors  was  somewhat 
dubious.  The  method  of  stressing  placed  the  jacking  frame  against  the  bearing 
plate  which  covered  the  grouted  anchor  hole  and  rested  on  the  shotcreted  shaft 
wall.  When  a  load  was  applied  to  the  jacking  frame,  the  bearing  plate 
restrained  the  grout  column  from  moving.  Thus,  the  bond  between  the  grout  and 
rock  could  not  break  If  its  normal  load  capacity  was  exceeded.  If  failure 
occurred  it  would  have  been  at  the  relatively  strong  bond  between  the  anchor 
bar  and  the  grout  column.  It  was  intended  that  the  2‘inch  thick  styrofoam 
donut  would  collapse  enough  to  allow  failure  of  the  grouc»to*rock  bond 
However,  this  was  rather  speculative  since  the  strength  of  the  styrofoam  under 
complete  confinement  was  unknown. 

In  any  case,  these  rock  anchor  "nails"  apparently  provided  an  effective 
reinforcement  in  the  massive  rock  at  the  San  Pedro  Creek  shafts,  and  no 
support  problems  developed.  However,  in  jointed,  more  thinly  stratified, 
blocky  ground  as  at  the  San  Antonio  River  Outlet  Shaft  these  anchor  nails 
would  be  less  effective  than  the  longer  typical  rock  bolts  having  a  distal 
anchorage  at  depth.  This  is  more  relative  to  the  forthcoming  foundation 
report  on  the  San  Antonio  River  Tunnel.  Nevertheless,  it  is  significant  to 
mention  that  random  failure  and  creep  tests  performed  on  Type  I  rock  anchors 
at  that  outlet  revealed  load  capacities  of  only  16  to  38  kips  in  similar  soft, 
clayey  rock.  As  a  result,  the  anchor  loading  procedure  was  eventually  changed 
to  use  a  jacking  frame  large  enough  to  straddle  the  bearing  plate.  This  left 
the  grout  column  free  to  move  if  the  anchor  failed. 

Although  three  general  types  of  rock  anchors  were  used  for  the  most  part  in 
the  San  Pedro  Creek  shafts,  there  was  actually  a  fourth  type  This  fourth 
type  of  anchor  was  used  in  only  two  places  at  the  inlet  shaft,  and  was  not  a 
major  design  requirement  There  were  24  of  these  resin  grouted,,  8-foot  long, 
3/4-inch  diameter  anchors  installed  at  elevations  617  and  612  in  the  upper  21 
feet  of  the  shaft.  These  small  anchors  were  only  a  precautionary  measure 
auded  to  the  support  design,  which  required  only  3  inches  of  shotcrete  for  the 
upper  shaft 
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7-03.  Tunnel  Linar  Grouting.  Grouting  of  the  annular  space  between  the 
tuimel  liner  and  the  surrounding  rock  was  priaarlly  to  establish  a  solid 
contact  between  the  liner  and  the  rock,  but  it  also  consolidated  the 
surrounding  rock  by  filling  open  fractures,  joints,  and  occasional  elongated 
voids  left  by  nlnor  block  settlenents  In  ^e  crown.  Grouting  behind  tunnel 
liners  is  usually  called  backpack  grouting,  and  Is  largely  for  support.  The 
grouting  of  fissures  and  voids  In  the  loosened  rock  surrounding  tunnels  Is 
referred  to  as  consolidation  grouting,  and  Is  predominantly  a  stabilization 
treatment.  Consolidation  grouting  often  requires  the  drilling  of  grout  holes 
to  the  depth  of  formation  disturbance  to  provide  a  full  distribution  of  the 
grout.  However,  the  zone  of  disturbance  In  the  massive  material  surrounding 
the  San  Pedro  Creek  Tunnel  was  only  several  feet  thick.  Therefore,  backpack 
grouting  and  consolidation  grouting  were  effectively  accomplished  In  the  same 
operation  as  the  grout  ptanped  behind  the  liner  also  penetrated  well  Into  the 
relatively  shallow  fractures. 

The  grouting  procedure  proved  to  be  reasonably  thorough  although  it  was  done 
In  a  patchwork  fashion.  The  procedure  was  to  grout  in  horizontal  strips  at 
various  locations  with  a  general  upward  progression  from  the  Invert  holes. 

Two  2 -Inch  diameter  grout  holes  were  constructed  In  each  liner  segment  which 
allowed  the  upper  holes  to  provide  venting  and  observation  ports.  Injection 
holes  were  moved  vertically  and  horizontally  beyond  holes  which  were  plugged 
due  to  previous  grout  flows.  Adjoining  grout  sections  would  overlap  previous 
grouting,  or  upstream  grouting  sections  would  merge  with  advancing  downstream 
sections.  Grouting  at  the  crown  required  sustained  pumping  at  gravity  flow 
\intil  pressure  could  be  obtained  or  a  secondary  grouting  which  could  maintain 
pressure.  This  method  eventually  produced  a  forward  slope  of  grout  from  a 
downstream  Injection  point  In  the  crown  to  an  upstream  edge  in  the  invert, 
covering  approximately  200  feet  of  alignment.  The  grout  was  a  1:1  cement  to 
water  ratio  by  volume,  and  was  pumped  at  a  maximum  pressure  of  28  psl. 

Quantitative  data  on  the  pea  gravel  and  grout  placement  shows  that  the  primary 
backfilling  extended  well  around  the  liner  into  the  crown  annular  space  (See 
Appendix  C) .  The  volume  of  the  3.b-inch  wide  annular  space  was  calculated  to 
be  98  cubic  feet  per  4-foot  liner  ring;  however,  it  should  be  noted  that  part 
of  this  void  was  no  doubt  filled  with  rock  cuttings  or  rubble  in  places.  A 
pea  gravel  density  of  95  pounds  per  cubic  foot  was  used  to  compute  the  amount 
of  pea  gravel  backfilled  behind  the  rings,  which  averaged  46  cubic  feet  per 
ring.  The  average  placement  of  grout  per  ring  was  estimated  at  55  cubic  feet. 
The  pea  gravel  volume  Included  approximately  40%  voids  which  would  consume 
part  of  the  grout  placement.  Therefore,  of  the  98  cubic  feet  of  annulus 
behind  each  ring,  46  cubic  feet  was  filled  with  pea  gravel  and  37  cubic  feet 
was  filled  with  grout.  This  gave  an  average  of  83  cubic  feet  of  backfilled 
pea  gravel  and  grout  which  was  85%  of  the  annular  space.  Since  much  of  the 
invert  liner  was  placed  directly  on  the  excavated  surface,  most  of  the  void 
v;as  in  the  crown  rather  than  arranged  concentrically  into  a  3. 5 -inch  wide 
annular  space.  Thus,  the  85%  backfill  would  extend  well  into  the  crown  area 
after  the  primary  pass  of  grouting. 

The  85%  backfill  estimate  may  be  considered  a  best  case  scenario  since  it  is 
based  on  bulk  placement  quantities  and  ignores  material  wastage  On  the  other 
hand,  this  wastage  would  be  partially  offset  or  possibly  exceeded  in  places  by 
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the  volume  of  rock  settlement  and  ravelings.  Also  the  amount  of  grout 
required  to  fill  the  pea  gravel  voids  is  somevhat  speculative  and  subject  to 
variables  such  as  the  presence  of  extraneous  moisture  and  granular  fines.  In 
any  case,  the  remaining  annular  space  was  filled  by  secondary  pressure 
grouting  conducted  in  crown  borings  spaced  on  50>foot  centers  along  the  tunnel 
alignment. 

A  core  sampling  investigation  by  the  Government  determined  that  the  grouting 
operation  had  effectively  accomplished  both  the  backpacking  of  the  tunnel 
annular  space  and  the  consolidation  of  the  surrounding  rock.  Three  100>foot 
long  test  sections  were  established  at  Stations  148+94  to  149+94,  169+98  to 
170+98,  and  189+82  to  190+82.  Core  sampling  was  conducted  through  the  liner 
grout  holes  at  every  fifth  ring  in  each  test  section.  Pour  core  samples  were 
taken  at  each  test  ring,  one  in  each  quadrant,  with  a  rotational  sequence  from 
ring  to  ring  so  that  all  12  grout  hole  positions  were  sampled  in  each  100-foot 
test  section.  Core  sampling  was  extended  to  the  depth  of  solid,  undisturbed 
rock  in  each  hole,  which  was  generally  within  5  feet  of  the  tunnel  bore. 

Also,  to  determine  the  effectiveness  of  consolidation  grouting  in  a  reach  of 
known  rock  settlement,  core  samples  were  taken  every  50  feet  in  the  cro^*n 
between  Stations  142+87  and  148+55.  Eight  other  borings  sampled  beneath  the 
invert  liner  between  Stations  166+22  and  179+82.  The  findings  of  all  93  core 
borings  Indicated  that  grout  had  penetrated  well  into  all  fractures 
surrounding  the  tunnel  bore  and,  except  where  liner  segments  rested  directly 
on  the  excavated  surface,  the  annular  space  had  been  completely  filled. 

See  Appendix  C  for  grouting  data. 
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CONSTRUCTION  MATERIALS 


The  earth  materials  tised  in  the  Phase  II  tunnel  construction  consisted  of  pea 
gravel  and  concrete  aggregate.  These  materials  were  obtained  from  local  San 
Antonio  suppliers.  The  pea  gravel  used  as  tunnel  liner  backfill  was  supplied 
by  Capitol  Aggregates,  Inc.  at  11551  Nacogdoches.  Cast- in-place  and  backfill 
concrete  was  obtained  from  Pioneer  Concrete  of  Texas,  lac.  at  15080  Tradesmen, 
and  contained  aggregate  supplied  by  Redland  Worth  Corporation  located  at  17910 
IH-10  West.  The  concrete  for  the  precast  liner  segments,  manufactured  by 
Sehulster  Corporation  at  7386  Grissom  Road,  was  supplied  by  Header 
Construction  Company,  Inc. ,  whose  plant  was  nearby  at  7510  Grissom  Road. 
Aggregate  for  the  Header  concrete  was  provided  at  first  by  Redland  Worth 
Corporation,  but  later  by  Vulcan  Haterials  Company.  The  Vulcan  Hater ials 
Office  was  at  800  Isom  Road,  however  the  aggregate  came  from  a  limestone 
quarry  on  Huebner  Road  relatively  close  to  the  precast  plant.  Concrete 
aggregate  analyses  were  included  in  the  mix  design  submittals  which  were 
reviewed  and  approved  by  the  Government. 
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GEOTECHNICAL  INSTRUMENTATION 


9-01.  General .  The  contract  specifications  provided  for  a  geotechnical 
instrumentation  program  to  monitor  ground  behavior  at  the  outlet  shaft  and  at 
two  designated  stations  in  San  Pedro  Creek  Tunnel.  The  Contractor,  Ohbayashi 
Corporation,  retained  the  services  of  Woodward- Clyde  Consultants  to  implement 
the  program,  and  their  Final  Instrumentation  Report  is  included  as  Appendix  G 
of  this  report.  The  instrumentation  was  designed  to  monitor  any  ground 
movements  and/or  stress  developments  around  the  excavations  with  the  intent  to 
provide  data  for  safety  observations,  design  verification,  and  future  design 
applications.  Immediate  notification  of  the  Government  was  required  during 
construction  when  ground  movements  exceeded  0.25  inches,  or  when  stresses 
exceeded  5  kips  (34.7  psi)  in  the  outlet  shaft,  or  when  stresses  greater  than 
5  tsf  (69.4  psi)  were  indicated  in  the  tunnel.  These  parameters  were  not 
exceeded  in  the  outlet  shaft.  However,  they  were  exceeded  to  some  extent  in 
the  tunnel,  but  this  was  considered  the  localized  effects  of  the  tunneling 
operations.  A  detailed  discussion  and  interpretation  of  the  instrumentation 
data  can  be  found  in  Appendix  G.  The  following  paragraphs  will  describe  each 
instrument  installation. 

9-02.  Outlet  Shaft.  Instrumentation.  The  outlet  shaft  instrumentation 
consisted  of  3-positlon  extensometers,  rockbolt  load  cells, ^  and  total  pressure 
load  cells  deslgnateo  for  Installation  at  three  elevations  --  604  (35-foot 
depth)  575  (64-foot  depth),  and  550  (89-foot  depth).  However,  since  bonding 
rock  anchors  would  be  difficult  in  the  clay-like  weathered  shale  at  elevation 
604,  the  rockbolt  load  cells  planned  for  that  elevation  were  Installed  in 
unweathered  clay  shale  at  elevation  596.  Also,,  to  accommodate  concrete  pours 
for  the  permanent  shaft  liner,  the  total  pressure  load  cells  planned  for 
installation  in  palr:^  at  elevations  604,.  575,.  and  550  were  actually  all 
installed  at  elevation  564. 

Four,  26-foot  long,  multiple  position  borehole  extensometers  (MPBX)  were 
installed  horizontally  and  90  degrees  apart  at  each  of  the  three  designated 
elevations  --  604,  575,,  and  550.  These  were  3-position  MPBXs  having  three 
measurement  rods  anchored  successively  at  depths  of  3  feet,  11  feet,,  and  26 
feet.  The  rods  were  cement  grouted  into  a  27 -foot  deep,  3 -inch  diameter 
borehole.  The  outer  ends  of  the  rods  were  encased  in  an  electrical  sensor 
head  installed  in  a  1-foot  diameter  by  2-foot  long  blockout  in  the  shaft  wall. 
These  instruments  were  designed  to  measure  any  horizontal  movements  in  the 
surrounding  ground. 

Four,  1-inch  diameter,  39.5-foot  long  rockbolts  with  load  cells  (RBLC)  were 
installed  horizontally  and  90  degrees  apart  at  each  of  three  elevations  -- 
596,  575,  550.  These  installations  were  offset  45  degrees  from  the  MPBX 
locations.  The  back  19  feet  of  the  rockbolt  was  anchored  with  a  two-component 
resin  grout  in  a  1  5/8 -inch  diameter  hole.  The  outer  20  feet  of  the  bolt  was 
unbonded  in  a  3- inch  diameter  section  of  the  boring,  this  part  of  the  bolt  was 
wrapped  with  two  layers  of  bituminous  tape  and  covered  for  18  fee;  with  2 -inch 
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diameter  FVC  pipe.  The  outer  6  inches  of  the  bolt  extended  through  a  l-inch 
thick  steel  bearing  plate  into  a  l-£oot  diameter  blockout  cut  into  the  outer 
foot  of  the  shaft  vail.  This  outer  end  of  the  bolt  was  mounted  with  a  load 
cell  which  was  wired  for  electronic  readings  and  secured  with  an  outer  seating 
nut.  iMe  purpose  of  the  RBLCs  was  to  detect  rock  loads  or  stresses  developing 
in  the  shaft  walls. 

In  addition  to  the  HFBXs  and  RfilXs  installed  in  the  surrounding  rock  ,  total 
pressure  load  cells  were  installed  at  the  outer  edge  of  the  permanent  concrete 
liner.  Whereas  the  other  instruments  detected  movements  and  loads  within  the 
ground,  the  total  pressure  load  cells  were  designed  to  determine  stress 
developments  on  and  within  the  permanent  liner.  There  were  6  total  pressure 
load  cells  installed  at  elevation  564  <7S-foot  depth)  on  60  degree  spacings. 

9>03.  Tunnel  Instrumentation.  The  tunnel  instrumentation  was  designated  for 
installation  at  Station  143+75  and  Station  158+47.  The  instrumentation 
specified  for  each  station  consisted  of  a  6>posltion  MPBX,  one  RBLC,^  three 
total  pressure  load  cells,  three  reinforced  concrete  strain  meters,  and  eight 
tape  extensometer  eye  bolts  In  addition,  18  survey  reference/displacement 
markers  were  installed  on  the  ground  surface  between  Stations  143+00  and 
145+00.  Also  included  with  the  instrumentation  program  were  56,  8  foot  deep 
borescope  observation  holes  drilled  adjacent  to  the  instrument  stations. 

I 

A  6-position  HPBX  was  installed  in  a  surface  boring  above  the  tunnel  at  each 
of  the  two  instrument  stations.  These  MPBXs  had  six  measurement  rods  cement 
grouted  into  3 -inch  diameter  borings  which  extended  to  within  three  feet  of 
the  tunnel  crown.  The  rods  were  anchored  at  depths  of  60,  80,-  89,  99,  107, 
and  111  feet  in  a  113-foot  deep  boring  at  Station  143+75,  and  at  depths  of  64, 
84,.  94,  104,  111,  and  116  feet  in  a  117- foot  deep  boring  at  Station  158+47. 

The  upper  ends  of  the  rods  were  encased  in  an  electrical  sensor  head  Installed 
in  a  10-inch  diameter  by  3.0-fooC  deep  manhole.  The  purpose  of  these  MPBXs 
were  to  measure  any  vertical  movements  over  the  tunnel  excavation. 

A  l-inch  diameter,;  39.5-foot  long  rockbolt  with  load  cell  was  specified  for 
both  tunnel  Instrumentation  stations.  These  RBLCs  were  constructed  in  the 
same  manner  as  those  described  for  the  outlet  shaft  except  for  a  few  changes 
at  the  Station  158+47  installation.  This  RBLC  was  45  feet  long,  and  had  a 
5 -inch  diameter  boring  with  25  feet  of  cement  grout  anchorage.  Both  RBLCs 
were  Installed  through  the  tunnel  liner  at  about  15  degrees  west  of  the  crown 
center  line.  Like  those  in  the  outlet  shaft,,  these  instruments  were  intended 
to  detect  rock  loads  or  stresses  developing  in  the  tunnel  wall. 

Three  total  pressure  load  cells  and  three  reinforced  concrete  strain  meters 
were  installed  at  each  instrumentation  station.  These  instruments  were 
installed  on  a  120  degree  spacing  around  the  tunnel  liner  with  a  2-foot  offset 
from  the  center  line.  At  each  location  a  total  pressure  load  cell  was 
installed  in  a  blockout  at  the  back  of  the  liner  with  a  reinforced  concrete 
strain  meter  embedded  within  the  liner  concrete  at  the  same  position.  The 
purpose  of  these  instruments  was  to  detect  load  distributions  and  stress 
developments  on  and  within  the  liner. 
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Tape  extensometer  eye  bolts  were  Installed  at  both  instrumentation  stations 
for  liner  convergence  measurements  between  opposing  reference  points.  There 
were  8  reference  points  at  each  station  spaced  from  the  center  line  at  45 
degree  intervals.  At  Station  143+75  an  eye  bolt  was  installed  at  each  of  the 
8  reference  points;  however »  only  6  eye  bolts  were  installed  at  Station 
158+47,  since  the  fan  line  and  muck  hauling  tracks  blocked  the  crown  and 
invert  points  respectively. 

Althou^  no  measurable  surface  movements  were  anticipated  or  actually 
occurred,  survey  reference  points  were  established  on  the  ground  surface  above 
the  tunnel  to  document  that  such  expectations  were  valid.  There  were  18 
survey  reference  points  established  between  tunnel  Stations  143+00  and  Station 
145+00.  The  top  of  the  hydraulic  instrumentation  shaft  at  Station  143+00  and 
the  top  of  the  MPBX  at  Station  143+75  were  established  as  two  of  the  points. 
Monument  snikes  having  3/8-inch  square  shanks  were  used  for  6  of  the  points 
which  were  located  on  an  asphalt  paved  driveway.  The  remaining  10  survey 
points  were  in  unpaved  areas  and  consisted  of  a  3/4-inch  bar,  4  feet  long, 
driven  to  flush  with  the  ground  surface. 

Borescope  observations  were  made  in  seven  8-foot  deep  by  3-inch  diameter 
borings  cored  at  each  of  eight  stations  along  the  tunnel  alignment.  The  first 
set  of  35  borings  were  drilled  at  Stations  143+63,  143+71,  143+79,  143+87,  and 
143+95.  The  second  set  of  21  borings  were  drilled  at  Station  158+39,  158+47, 
and  158+55.  The  borings  were  cored  by  a  Watson  drilling  rig  mounted  on  the 
liner  erector  arm  at  the  back  of  the  tail  shield.  The  erector  arm  rotated  the 
drill  to  each  of  the  seven  circumferential  locations  which  were  on  45  degree 
spacings  with  the  centerline  Invert  position  omitted.  The  borings  were 
drilled  through  holes  cut  in  the  tail  shield  and  in  the  cut  away  shield 
section  below  springline.  The  tunnel  face  was  about  37  feet  upstream  from  the 
borescope  holes  during  the  investigations.  Both  sets  of  borings  were  viewed 
by  Voodward-Clyde  and  Government  representatives  with  a  borescope,  and 
photographs  were  taken  of  fractures  with  a  35  mm  camera  attached  to  the 
borescope.  The  second  set  of  borings  near  instrument  Station  158+47  was 
viewed  by  the  Government  with  a  down-hole  video  camera. 

The  first  set  of  35  borings  between  Station  143+63  and  143+95  were  drilled  and 
investigated  between  December  23,  1988  and  January  5,  1989.  Fractures  were 
found  in  10  of  the  35  borings.  The  fractures  ranged  in  width  from  0.02  inches 
to  1.6  inches  and  were  mostly  along  the  nearly  horizontal  bedding  planes.  All 
fractures  but  one  were  above  springline. 

The  second  .set  of  21  borings  between  Stations  158+43  and  158+59  were  drilled 
and  investigated  from  March  20  through  March  22,,  1989  Fractures  were 
observed  in  5  of  the  21  borings.  The  fractures  ranged  in  thickness  from  0  025 
to  1.5  inches,  and  were  mostly  along  the  nearly  horizontal  bedding  planes. 
Fractures  were  observed  in  all  three  crown  borings,  in  one  springline  boring, 
and  in  only  one  boring  below  springline. 

See  Woodward- Clyde's  illustrations,  data  plots,  and  detailed  evaluation  of 
this  instrumentation  program  in  Appendix  G. 
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The  Taylor  Forsacion  proved  to  be  a  co^>etent  tunneling  seditia,  and  should 
ca\ise  no  future  problems .  The  clay  shale  was  soft  enough  to  excavate  easily, 
and  yet,  stood  veil  throughout  most  of  the  excavations.  There  were  sose  ainor 
crovn  fallouts  or  block  settleaents  in  the  dovnstreaa  half  of  the  aligcaent. 
particularly  in  the  first  700  feet  fr<Mt  the  outlet  vhere  the  tunneling  rate 
vas  slow.  However,  the  stirrounding  rock  and  annular  pea  gravel  have  been  veil 
consolidated  by  grouting.  This  gives  a  solid,  tmifora  radial  contact  between 
the  grouzui  and  the  tinrnel  liner  to  insure  that  no  differential  pressures 
develop.  The  tunnel  liner  has  been  designed  for  potentially  hi^  radial  swell 
pressures,  and  no  probleas  are  anticipated. 

Due  to  the  expansive  nature  of  the  clay  shale  in  places,  an  effort  vas  aade  to 
keep  the  excavated  surfaces  dry  to  prevent  aoisture  induced  swelling. 

However,  it  was  inevitable  that  sone  of  the  rock  would  be  exposed  to  water 
fros  grout  bleed-off  or  unforeseen  spillage.  There  were  two  particular  places 
along  the  alignment  where  the  fomation  was  notably  vettei,  Station  166+22  to 
179+82  and  in  the  vicinity  of  Station  178+49. 

I 

The  section  of  tunnel  rock  between  Stations  166+22  and  179+82  was  not 
subjected  to  a  large  quantity  of  water,  but  renained  daisp  or  wet  through  aost 
of  the  construction  period.  The  night  shift  crew  during  excavation  reported 
that  the  TBM  seeaed  to  hit  something  hard  in  this  area,  and  it  was  speculated 
that  the  cutterhead  may  have  clipped  an  artesian  water  well  that  barely 
intersected  the  tunnel  bore.  However,  no  sign  of  a  well  was  observed  in  the 
tail  shield  cut-away  section  below  springline.  It  is  rather  plausible  that 
the  wetness  observed  in  this  area  vas  bleed-off  water  from  the  grouting 
operation.  Seepage  never  flowed  at  any  appreciable  rate,  but  wetness  would 
ooze  from  small  water  accumulations  in  the  liner  grout  holes.  This  slow 
seepage  could  well  have  been  grout  bleed-off  water  trapped  behind  the  liner  in 
a  pea  gravel  pocket  between  grouting  zones.  The  area  vas  grouted  twice  to 
insure  t!»at  all  formation  fractures  were  sealed;  there  was  no  grout  take  in 
the  second  attempt  which  indicated  that  the  rock  and  liner  annular  space  were 
tight.  Although  this  reach  of  tunnel  rock  was  wetted  for  an  extended  time, 
the  ultimate  development  of  swelling  pressure  will  depend  on  the  expansive 
clay  content  at  this  particular  location  and  the  amount  of  swell  dissipation 
into  available  openings.  In  any  case,  the  tunnel  liner  is  designed  to  support 
the  anticipated  swell  pressures. 

Another  section  where  the  tunnel  rock  was  subjected  to  notable  wetting  was  a 
reach  extending  approximately  200  feet  to  each  side  of  Station  178+49.  An 
abandoned  artesian  water  well  was  severed  by  the  TBM  at  Station  178+49  The 
ground  was  exposed  to  well  leakage  unt>l  the  liner  annular  space  was  grouted 
past  the  site  after  the  TBM  had  proceeded  200  feet  beyond  it  This  delay  was 
necessary  to  allow  the  TBM  trailing  gear  to  pass.  The  partially  sealed  well 
leaked  only  about  2  gallons  per  minute,  but  proved  quite  difficult  for  the 
contractor  to  plug  (see  Section  3-02,  e  ).  When  the  liner  annular  space  was 
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grouted,  a  bole  vas  left  in  the  liner  for  a  veil  outlet,  therefore,  the  veil 
continued  to  leak  inside  the  tunnel  liner  for  about  5  sontbs,  and  scse  seepage 
no  doubt  Migrated  along  rock  fractures  behiivi  the  liner,  the  veil  vas 
eventually  plugged  and  the  surrounding  ground  grouted,  but  the  rock  foroation 
in  this  area  bad  been  subjected  to  considerable  vetting.  Nevertheless,  little 
or  no  svelling  is  eiq>ected  in  this  section  because  it  is  in  the  lover  nore 
calcareous  portion  of  the  formation;  this  usually  means  a  correspondingly 
lover  cl^  fraction  vitb  less  significant  amounts  of  expansive  clay  minerals. 
Also,  as  stated  above,  the  tunnel  liner  is  designed  to  support  anticipated 
svell  pressures. 

There  vere  no  serious  problems  vith  the  geologic  conditions  encountered  by  the 
tunnel  and  shaft  excavations.  The  notable  occurrences  mentioned  above  are 
documented  herein  only  as  information  vhich  may  have  some  unforeseen 
significance  at  a  later  dace.  No  future  foundation  problems  are  anticipated. 
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PART  ZI 

RECORD  OF  FODfTOATIOH  IHSPECTIONS 
ASD  GEOLOGIC  DOGUKERTATION 

Rock  expostires  in  all  shaft  excavations  were  inspected,  napped  or  logged,  and 
photographed  by  a  geologist.  The  excavated  tunnel  bore  was  observed 
periodically  by  the  geologist  at  the  tail  shield  cut-away  section  below 
springline.  However,  no  attez^t  was  made  to  nap  the  tunnel  rock  due  to 
inconplete  exposure,  congested  working  area,  and  the  generally  massive, 
larg&ly  featureless  character  of  the  rock  in  this  area.  The  formation  was 
generally  soft  to  noderately  hard,  nassive  rock  that  excavated  smoothly  and 
presented  few  difficulties.  The  following  is  a  list  of  napping  and  logging 
dates  during  the  excavation  of  each  shaft: 


Feature 

Date 

Depth  Interval 
Happed  or  Logged 

Geologist 

Hydraulic  Inst. 

25 

APR 

88 

Logged 

to 

119.2 

R.  Burns 

Shaft  SP-1 

Hydraulic  Inst. 

28 

APR 

88 

Logged 

to 

107.0 

R.  Bums 

Shaft  SP-5 

Vent  Shaft 

2-6 

MAY 

88 

Logged  to 

117  0 

R.  Crutchfield 

SP-4 

Vent  Shaft 

11-13 

MAY 

88 

Logged  to 

121.0 

R.  Crutchfield 

SP-2 

Maintenance 

9  HAY- 11 

AUG 

88 

Logged 

to 

122.0 

Burns - Crutchfield 

Shaft  SP-3 

Outlet  Shaft 

29 

JAN 

88 

0.0 

to 

12.0 

R.  Crutchfield 

(Happed) 

9 

FEB 

88 

12.0 

to 

16.0 

R.  Crutchfield 

12 

FEB 

88 

16.0 

to 

20.0 

R.  Crutchfield 

16 

FEB 

88 

20.0 

to 

24.0 

R.  Crutchfield 

19 

FEB 

88 

26.0 

to 

28.0 

Burns - Crutchfield 

23 

FEB 

88 

28.0 

to 

32.0 

Burns -Crutchfield 

29 

FEB 

88 

32  0 

CO 

37.0 

Burns -Crutchfield 

2 

MAR 

88 

37  0 

to 

61.0 

Burns - Crutchfield 

16 

MAR 

88 

61.0 

to 

65.0 

Burns -Crutchfield 

25 

MAR 

88 

45.0 

to 

50.0 

Burns - Crutchfield 

29 

MAR 

88 

50  0 

to 

55.0 

Burns -Crutchfield 

1 

APR 

88 

55.0 

to 

60.0 

Burns -Crutchfield 

C 

J 

APR 

88 

60.0 

CO 

63  0 

Burns - Crutchfield 

8 

APR 

88 

63.0 

to 

67  0 

Burns -Crutchfield 

13 

APR 

88 

67.0 

to 

72  5 

Burns -Crutchfield 

15 

APR 

1)8 

72.5 

to 

77  0 

Burns -Crutchfield 
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Outlet  Shaft 
(napped)  cent. 


Inlet  Shaft 
(mapped) 


20 

APR 

88 

77.0 

to 

82.0 

Bums  -  Crutchfield 

22 

APR 

88 

82.0 

to 

85.0 

Bums  -  Crutchfield 

5 

HAY 

88 

85.0 

to 

91.0 

Bums  -  Crutchfield 

11 

HAY 

88 

91.0 

to 

95.0 

Bums  -  Crutchfield 

17 

HAY 

88 

95.0 

to 

99.0 

R. 

Crutchfield 

26 

HAY 

88 

99.0 

to 

107.0 

R. 

Bums 

6 

JUN 

88 

107.0 

to 

111.0 

Bums- Crutchfield 

13 

JON 

88 

111.0 

to 

117.0 

Bums-Crutchfield 

1 

JOL 

88 

117.0 

tc 

122.0 

R. 

Bums 

8 

JOL 

88 

122.0 

to 

126.0 

R. 

Crutchfield 

23 

JUL 

88 

126.0 

to 

131.0 

R. 

Crutchfield 

29 

JUL 

88 

131.0 

to 

135.0 

R. 

Crutchfield 

4 

AUG 

88 

135.0 

to 

140.0 

R. 

Crutchfield 

8 

AUG 

88 

140.0 

to 

146.0 

R. 

Crutchfield 

11 

OCT 

88 

0.0 

to 

4.0 

R 

Crutchfield 

13 

OCT 

88 

4.0 

to 

13.0 

R. 

Crutchfield 

15 

OCT 

88 

13.0 

to 

17.0 

R. 

Crutchfield 

18 

OCT 

88 

17.0 

to 

21.0 

R. 

Crutchfield 

6 

JAN 

89 

21.0 

to 

25.0 

R 

Crutchfield 

17 

JAN 

88 

25.0 

to 

30.0 

R. 

Crutchfield 

20 

JAN 

88 

30.0 

to 

34.0 

R. 

Crutchfield 

25 

JAN 

89 

34.0 

to 

40.0 

R. 

Crutchfield 

2 

FEB 

89 

40.0 

to 

45.0 

R. 

Crutchfield 

9 

FEB 

89 

45.0 

to 

53.0 

R. 

Crutchfield 

15 

FEB 

89 

53.0 

to 

62.0 

R. 

Crutchfield 

23 

FEB 

89 

62.0 

to 

67.0 

R. 

Crutchfield 

7 

HAR 

89 

67.0 

to 

71.0 

R 

Crutchfield 

23 

MAR 

89 

71.0 

to 

79,0 

R. 

Crutchfield 

31 

MAR 

89 

79.0 

to 

87.0 

R 

Crutchfield 

20 

APR 

89 

87.0 

to 

92.0 

R. 

Crutchfield 

2 

HAY 

89 

92.0 

to 

96.0 

R. 

Crutchfield 

16 

MAY 

89 

96.0 

to 

100.0 

R. 

Crutchfield 

31 

MAY 

89 

100.0 

to 

103,0 

R. 

Crutchfield 

19 

JUN 

89 

103.0 

to 

115  0 

R 

Crutchfield 

TBM  Hole-through 


13  JUL  89 


115.0  to  118.6 


R.  Crutchfield 


Appendix  a 


Photographs 
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View  northeast  across  Initial  12-foot  deep  excavation  of 
San  Pedro  Creek  Outlet  Shaft.  Rib  and  lagging  collar  in 
left  background. 

29  Jan  88  San  Pedro  Crk  Tunnel  Photo  No.  1 


View  northeast  into  initial  excavation  for  San  Pedro  Creek 
Outlet  Shaft. 

29  Jan  88  San  Pedro  Crk  Tunnel  Photo  No.  2 


EXHIBIT  1 


CORPS  OF  ENGINEERS 


US,  ARMY 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  northeast  showing  weathered  clay  shale  between 
elevations  611  and  607  (32-foot  depth)  in  San  Pedro 
Crk  Outlet  Shaft. 

23  Feb  88  San  Pedro  Crk  Tunnel  Photo  No.  5 


View  southeast  in  San  Pedro  Crk  Outlet  Shaft  showing  the 
contact  between  weathered  and  unweathered  clay  shale  at 
elevation  599,  40-foot  depth. 

2  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  6 


EXHIBIT  3 


3-posltlon  extensometer,  MPBX,  installed  at  elevation  604, 
35-foot  depth,  In  San  Pedro  Creek  Outlet  Shaft. 

3  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  7 


Drilling  hole  for  installation  of  rock  bolt  load  cell.  RBLC 
at  elevation  596, >  43-foot  depth  in  San  Pedro  Creek  Outlet 
Shaft. 

18  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  8 


EXHIBIT  4 


CORPS  OF  ENGINEERS 


Close-up  view  of  gauge  to  measure  rock  bolt  movement  in  10-Ton 
pull-out  test  shown  above. 

18  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  10 


EXHIBIT  5 


Grouting  alluvial  aquifer  through  Idgglng  in  San  Pedro  Creek 
Outlet  Shaft.  Bottom  of  shaft  at  elevation  598,  41-foot  depth. 

9  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  11 


View  northeast  in  San  Pedro  Creek  Outlet  Shaft  showing  soft, 
massive,  unweathered  clay  shale  between  elevation  598  and 
594,  41-  to  45-fooc  depths. 

16  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  12 


EXHIBIT  6 


CORPS  OF  ENGtNEERS 


U  S.  ARMY 


Man-cage  being  lowered  by  crane  into  San  Pedro  Creek  Outlet 
Shaft,  bottom  of  49-foot  depth. 


25  Mar  88  San  Pedro  Crk  Tunnel  Photo  No.  13 


Geologist  examining  soft,'  massive,  unctuous  clay  shale  in 
the  outlet  shaft  betwen  elevation  594  and  590, >  45-  to  49- 
foot  depths. 


25  Mar  88  San  Pedro  Crk  Tunnel  Photo  No,  14 


EXHIBIT  7 
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CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  upstream  of  transition  crown  excavation  in  outlet  shaft, 
showing  Ribs  E  to  P. 

23  Jun  88  San  Pedro  Crl'  Tunnel  Photo  No.  23 


Upstream  view  of  crown  excavation  in  outlet  shaft  transition,' 
showing  Ribs  D  to  P. 

23  Jun  88  San  Pedro  Crk  Tunnel  Photo  No.  2A 


EXHIBIT  12 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  of  west  side  of  crown  excavation  in  outlet  shaft 
transition,  showing  Ribs  E  to  J. 

23  Jun  88  San  Pedro  Crk  Tunnel  Photo  No.  25 


Cribbing  support  above  Ribs  I  and  J  where  6x3x.5^slab  of 
rock  fell  from  crown. 

23  Jun  83  San  Pedio  Crk  Tunnel  Photo  No.  26 


EXHIBIT  13 


4 


View  of  steel  rib  and  shotcrete  supported  crown  of  outlet 
shaft  transition  after  vertical  shaft  excavated  another 
5  feet  to  elevation  517. 

I  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  27 


View  of  backhoe  center  notch  excavation  to  springline  in 
outlet  shaft  transition. 

11  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  28 


EXHIBIT  lA 


I 


CORPS  OF  ENGINEERS 


U  S.  ARMY 


Roadheader  in  San  Pedro  Creek  Outlet  Shaft  in  preparation 
to  excavate  for  setting  transition  ribs  to  springline, 
elevation  511.6. 

12  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  29 


Roadheader  excavation  to  springline  at  Rib  F  on  west  side 
of  outlet  transition. 

12  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  30 


EXHIBIT  15 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  northwest  of  outlet  shaft  transition  excavated  to 
springline,  elevation  511.6 

12  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  31 


View  of  roadheader  cut  to  springline  at  Rib  F  on  west  side 
of  outlet  transition.  Note  shallow  desiccation  fractures 
in  center  photo. 

12  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  32 


EXHIBIT  16 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  of  tunnel  end  of  outlet  shaft  transition  excavated 
to  springline,-  elevation  511.6. 

20  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  34 


EXHIBIT  17 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


View  north  of  outlet  shaft  transition  excavated  to  invert, 
elevation  490.  Some  fracturing  in  lower  10  feet  of 
excavation. 

10  Aug  88  San  Pedro  Crk  Tunnel  Photo  No.  35 


View  upstream  along  fully  excavated  outlet  shaft  transition, 
60  feet  in  length. 

12  Aug  88  San  Pedro  Crk  Tunnel  Photo  No.  36 


EXHIBIT  18 


CORPS  OF  ENGINEERS 


U  S  ARMY 


View  southwest  of  drilling  of  vent  shaft  at  Station  158+14 
near  Durango  Street. 

13  May  88  San  Pedro  Crk  Tunnel  Photo  No.  37 


View  northeast  of  grouting  of  anchor  rods  for  6-position 
extensometer  at  Station  158+47  near  Durango  Street. 


19  Jul  88  San  Pedro  Crk  Tunnel  Photo  No,  38 


EXHIBIT  19 


CORPS  OF  ENGINEERS 


U  S  ARMY 


View  south  of  Beck  Foundation  Company  drilling  maintenance 
shaft  through  upper  ring  of  concrete  soldier  piers. 

14  Jul  88  San  Pedro  Crk  Tunnel  Photo  No.  39 


Drilling  of  maintenance  shaft  with  6-foot  diameter  pilot  bore 
and  reaming  blades  to  full  diameter  of  22  feet,^  4  inches. 

14  Jul  88  San  Pedro  Crk  tinnel  Photo  No.  40 


EXHIBIT  20 


CORPS  OF  ENGINEERS 


U  S  ARMY 


CORPS  OF  ENGINEERS 


U  $  ARMY 


Rearview  of  TBM  being  renovated  and  modified  after  shipment 
from  the  Kerckhoff  2  Tunnel  near  Fresno,  California. 

27  Sep  88  San  Pedro  Crk  Tunnel  Photo  No.  A4 


EXHIBIT  22 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


Installation  of  supporting  frase  for  muck  elevator  in 
San  Pedro  Creek  Outlet  Shaft. 

3  Jan  89  San  Pedro  Crk  Tunnel  Photo  No.  47 


View  upstream  into  first  curve  from  about  Station  144+50 
in  San  Pedro  Creek  Tunnel. 

9  Feb  89  San  Pedro  Crk  Tunnel  Photo  No.  48 


EXHIBIT  24 


CORPS  OF  ENGINEERS 


U  a  ARMY 


CORPS  OF  ENGINEERS 


U  S  ARMY 


View  downstreani  coward  outlet  shaft  from  top  of  grouting 
jumbo  at  about  Station  145+00. 

1  Mar  89  San  Pedro  Crk  Tunnel  Photo  No.  52 


EXHIBIT  26 


CORPS  OF  ENGINEERS 


U.  S  ARMY 


Drilling  borescope  hole  B-5  through  TBM  tail  shield  at 
tunnel  Station  143+71., 

28  Dec  88  San  Pedro  Crk  Tunnel  Photo  No.  53 


Core  sample  of  clay  shale  taken  from  borescope  hole  B-6 
at  tunnel  Station  143+71.  Borescope  holes  were  drilled  to 
a  depth  of  about  8  feet. 

28  Dec  88  San  Pedro  Crk  Tunnel  Photo  No.  54 


EXHIBIT  27 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


1 


Borescope  observation  for  stress  relief  fractures  in  hole 
B-5  at  tunnel  Station  143+71. 

28  Dec  88  San  Pedro  Crk  Tunnel  Photo  No.  55 


Dovm-hole  video  taping  borescope  holes  at  tunnel  Station 
158+39. 

22  Mar  89  San  Pedro  Crk  Tunnel  Photo  No.  56 


EXHIBIT  28 


CORPS  OF  ENGINEERS 


U  S  ARM 


upward  view  through  IBM  trailing  gear  at  Station  138+14 
vent  shaft  intersection  in  tunnel  crown. 


20  Mar  89  San  Pedro  Crk  Tunnel  Photo  No.  59 


Wood  lagging  and  W6x20  steel  sets  in  tunnel  crown  at 
Station  158+14  vent  shaft  intersection. 

20  Mar  89  San  Pedro  Crk  Tunnel  Photo  No.  60 


EXHIBIT  30 


CORPS  OF  ENGINEERS 


U 


Abandoned  water  well  intersected  by  TBM  at  tunnel  Station 
17d+49.  Well  was  partially  plugged  but  produced  a  steady 
flow  of  2  gpm. 

17  May  89  San  Pedro  Crk  Tunnel  Photo  No.  61 


Abandoned  water  well  at  Station  178+49  prepared  for  grouting. 
17  Oct  89  San  Pedro  Crk  Tunnel  Photo  No.  62 


S  ARMY 


EXHIBIT  31 


CORPS  OF  ENGINEERS 


U.  S.  ARMY 


Excavacion  of  upper  21  feet  of  inlet  shaft  and  reinforcement 
for  rhombus  shaped  concrete  temporary  surface  structure. 

2  Nov  88  San  Pedro  Crk  Tunnel  Photo  No.  67 


View  into  inlet  shaft  from  northeast  wall.  Bottom  of 
excavation  at  elevation  583,^  40-fooC  depth. 

2^  Jan  89  San  Pedro  Crk  Tunnel  Photo  No.  68 


EXHIBIT  34 


CORPS  OF  ENGINEERS 


U  S  ARMY 
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1 

t! 

'  « 

« 

View  northwest  In  inlet  shaft  showing  very  limy,  moderately 
hard  to  hard,  clay  shale  of  the  M-3  Stratigraphic  Marker  Bed 
The  bottom  of  the  concrete  Is  at  the  top  of  the  M-3  bed, 
elevation  583. 

2  Feb  89  San  Pedro  Crk 

Tunnel  Photo  No.  69 

View  northwest  in  inlet  shaft  showing  moderately  hard  to 
hard,  massive,  very  limy  clay  shale  between  elevations 
556  and  552,  67-  to  71-foot  depth. 

7  Mar  89  San  Pedro  Crk  Tunnel  Photo  No.  70 


CORPS  OF  ENGINEERS 


U  S  ARMY 


APPENDIX  B 


Tunneling  Progress  Charts 


SAM  PEORO  CREEK.  'rUNWEt. 


IPBCXaSESS  CHART  AS  A*r  1 7_.  ..J  U 1^  Y__6  S 


Notes:  1.  fisr  490  was  7  Har  89  -  Scheduled  Conpletion  Date. 

2.  The  San  Pedro  Creek  Tunnel  is  584.'>  feet  lonK- 

3.  Hole  through  was  at  1805  hours  on  13  Jul  89. 

4.  Tunnel  excavation  was  coapleted  on  17  Jul  89. 


MACHINE  DATA  PRUUUESS 

Manufactured  By:  ROBBINS.  Average:  30  ft  per  working  day. 

Model:  243-217/Modlf led.  Target  :  60  ft  per  working  day. 

Weight:  550  tons. 

Length:  38  feet. 

Thrust:  2  ,  640,000  lbs. 

Cutters:  57  Discs,  2  Bi-Dlscs  in  Centre.  Pick  option. 

Rotation  By:  Ten  200  HP,  460  V  AC  Motors. 

Guidance:  Laser  Beaa. 

Waste  Disposal:  Trailing  Conveyor  k  Train. 


CONTRACT  DATA 

Contractor  :  OHBAYASHI  CORPORATION 
South  San  Francisco 


Contract  No  : 
Bid  : 
Acknowledged : 


DACW63-87-C-0109 
$47,760,000.40 
3  Nov  87 
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Tunnel  Liner  Grouting  Data 
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APPENDIX  D 


Drilled  Shaft  Logs 


San  Pedro  Creek  Tunnel  Texas 

’Udliiiw  ie»m  mi  ■«<  ^MmST - 

Station  143-»00  ‘(near  OutletShaft) 


Nt»i*bv«tiofi  5an  Antonio  I 

Tunnels  Ras-dgnt  Otfice - 02^ 

an  Antonio  w  utt  md  tvpc  or  mi  See  ReroarK  / 
Texas  iTTKiiii  ^wrtcig«Tisirfiig»a  jtntrsiaa 


HSL 

i"«U(wr  Xcfmtcir roeiiSSS  i  ion  cr  oniC 

Northwest  5045  (45  ton) 


Hjrorauiic  instra-  •«*«•*  i 


{%  MMtC  or  4WLLCII 

Al  Mann 


i»LK»TiMic«|  None 


T  Tw«CKwe»«  er  evewiwefii 
»  OCrtit  OWIttCO  WTO  wocn 
»  TOT*C  0C«»TH«0>  MOtC  J 
CLCVMICMf  DC1>TH  LteCHol 


27e0  ftu 
92«2  ft. 
119.2  it. 


•  M  lOTAt.  miwpcncouc  n/a  _  . 

*•  €uew*tio*i cnowtio "^Ttn  618.2  El.  _ 

»!>«..  «H.«  |l's''j,p'’rll  88  'll  Apr!  1 .88 

-  ly  CLCVATiow  70^ e»  Mot.e  638.2  El*  _ _ 

-  f  Tot»t  e«»e  meovrnr  row  woniwe  N/A _ _ ' 

*».  wcHAtuwc  or  Mfrccton 


0.0*-2.0* 

Clay  Fill:  dark  brown 
to  black,  nedlun  plas~ 
ticity,  with  scattered 
sand  and  angular  gravel. 

2.0*-8.0* 

Clay  brown  to  grayish 
brown,  medlun  plasticity,^ 
silty  in  places  and 
stiff. 

8  0*-lg.0* 

Clay:  tan  to  buff, 
nedluu  to  high  plastic** 
Ity,  stiff  and  deisp. 

12.0'-20.0* 

Gravelly  Clay  tar  to 
grayish  brown,  mediUD 
to  high  plasticity,  with 
nuaerous  calcareous  ton- 
creations,  sand  seaas 
and  damp 

20.Q’-27.0* 

Clayey  Gravel*  grayish 
brown,  well  graded 
rounded  gravel  with  clay 
and  rounded  calcareous 
concreations,  saturated. 

27.0'-39.6' 

Weathered  Clay  Shale* 
tan  and  gray,  nedlua  to 
high  plasticity,  soft, 
bloc)^  In  places,  iron 
staining  along  frequent 
fractures  and  Joints, 
calcareous. 

Tsylor  Shale  (Kt)  of 
Cretaceous  Period. 


asing  Ceol. 
Unit 


fjm.  •••r'h  "/ 

•(r  II 


1*  Water  Level*  ^ 

free  water  encountered 
-  from  20.0  ft.  to 
27.0  ft.  depth. 

2  Drllllnr  Method: 

A  2ii"  dia.  full  flight 
auger  bored  27  0  ft. 
reamed  shaft  to  26"  dia. 
set  25  5"  dia.  casing 
through  overburden, 
seated  casing  in 
weathered  clay  shale. 

Continued  boring  with 
gii"  dia  flight  auger  to 
a  depth  of  119.2  fw  , 
cased  129  2  ft  bore 
hole  with  schedule  ^*0, 

12"  dia.  well  casing 

Filled  shaft  with  2 
feet  of  clay  fill, 
grout  annular  spaces 
around  12"  dia.  casing 
to  ground  level  and 
capped  casing.  Withdrew 
25  5"  casing  and 
backfilled  with  grout  | 

3  Geolorlc  Units' 
cm -unconsolidated 
alluvial  deposits  of 
the  Quaternary  Period. 

Kt-Tavlor  Shale,-  clay 
shale  of  the  Cretaceous 
Period. 
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San  Pedro  Creek  Tunnel 
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Refer  to  description 
on  Sheet  2. 
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Mole 


0  0*-1.5‘ 

Sand  Fill  tan,  fine  to 
coarse  grained,  contains  some 
fine  to  med.  gravel,  occ. 
glass  and  netal  debris, 
loose. 

1  >*-12  0* 

Gravelly  Clay  buff  to 
dark  brown,  mediuT  to  high 
plasticity,  contains  scattere  i 
small  to  medium  rounded 
limestone  and  chort  gravoi, 
soft,  to  stiff 


12.0*«23  O' 

Clayey  Gravel  tan  and  grav, 
subrounded  to  rounded 
limestone  and  chert  gravel, 
moderately  clay<'y,  satur¬ 
ated  below  l6  O' . 


1  1  'wa*cr  !.-~vel 

fr^'e  uTier  encountered 
at  lo  n  to  23  0  ft  depti 

2  Prilling  Method 

A  7fV  dl^’fiiU  flight 
auger  bored  30  ft  ,  set 
a  7P"  dia  cn'^lng  th-i^ur' 
Oil  over’Mini'U’ ,  seated  ca'^lnr 
wlt’nn  wentbered  rlsv 
shale  to  «eal  ground 
wa^'^r  ron{jnuf>d  shaft 
■“jiibJnr  w)  111  a  dia 
full  '"light  auger  te 
12irt  d^pth,  widened 
slnft  io  72"  diA  , 
backfilled  with  clav  to 
117  7  ft  depth, 

''’t  pernanent 

ea'"!'!-,  bar'Kj^ir.d 

..  ,  anntilu  witli  ronorete 
Chi 

3  G>-i)]oric  Unjt.a 
tUl  -Uiitonsolldated 
alluvial  deposits  of 
the  Quaternary  Period 

Kt  -Tnvlor  .'hale, 
cLiv  '■hale  of  the 
Cretaceous  Period 


23  0'-39.8' 

Weathered  Clay  Shale? 
yellowish  tan  and  gray,- 
medium  to  high  plabticltv,- 
soft,  blocky  with  frequent 
Joints  end  fractures,  some 
Iron  staining,  damp,  calcar¬ 
eous.  Taylor  Shale  of 
Cretaceous  Period, 


Sun  Antonio  xA  nnels 
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Southwesterv’Cas 


i  Station  18l-»77.06  (r«roa  St.) 


Anionic* 

.  TUnwU  _ 

M  fi«fwOTvrt  or  nf  Soc  H«T  rk  2 

TirMfn  vm  eicvatim  tsissa  (I»«7I8ct 

’  K5L _ 

.  n.  <*Mwir<cnmnrtotfw«a7io5'or5giir~~ 


i«  tof»c  mwiacwcoiir  »oiif5  none 

««  CLCVATIOM  emomo  •*?(« 


nw»cfc«w«» _ _ 

r.  TmcKMOS  or  oyciwwtoM  16  ft. 

I  OC»TW  BWt.t.ep  WTO  BOCK  lo6  ft. 
i  TOTAC  0»Wh  or  HOLC  199  ft  ^ 


•ill  CLCVATIOM  TO*  OF  MOCC 


IclcvaimhI  ocmthUcoi 


626,5  \16^ 


CLUWiricATioM  or  matohals 
4 

0.0*  to  0,2* 

Asphalt*  parking  lot 


0.2*  to  7,3* 

Clay  Fill;  brovn, 

■edlua  plasticity,  nod.  stiff 
sandy  to  ^vclly  with 
angular  to  rounded  grains, 
contains  brick  and  metal 
debris,  dry. 

7.3*  to  16.0* 

Clay:  tan  to  buff  with 
some  gray  mottling,  medium 
to  high  plasticity,  fine  to 
coarse  gravel  in  places,  also 
l"  to  2*  dia.  limestone 
concretions  In  the  upper  foot, 
numerous  scattered  line 
pockets,  damp  below  12* 
depth. 

16  0*  to  33  8* 

Weathered  Clay  Shale 
tan  and  gray,  high  plasticlt), 
compact,  soft,  blocky, 
occaional  fossils, 

Taylor  Shale  (Kt)  of  the 
Cretaceous  Period. 

33.8*  to  1»2.5* 

Clay  Shale 

Unweathered  except  along 
fractures  and  Joints, 
dark  gray  with  reddish 
tan  1”  to  2”  oxidized 
seams  along  fractures 
and  Joints,  nasslve, 
soft,  cont  alns  nearly 
horizontal  Joints  at  hO* 
and  ^2*  depths  with 
several  high  angle 
Joints  and  irregular 
fractures. 


aslngiOcot. 

lunic 


1.  Water  Level;  Mo  free  “ 
water  observed  while 
drlllinr  soldier  piers. 
Aft^r  piers  were  installe  i 
a  trace  of  wetness 
developed  between  two 

of  the  piers  on  the  SH  1 
side  of  the  shaft. 

2.  Excavation  Procedure 

Initially  a  ring  of  27  - 

drilled,  concrete  soldier 
pier's  wore  constructed 

to  Just  within  the  top 
of  unwoathered  shale, 
to  depths  from  36'  to  i*2' 
The  piers  were  36"  dia. 
and  formed  an  inside 
shaft  dift.  of  21’6".  - 

The  interior  of  the  ring 
was  excavated  with  a  ; 

bachhoe  and  crane  w/skip 
box.  This  method  of  ^ 

excavation  continued 
below  the  pier  bottoms  I 

to  the  50'  depth,  with  ;; 

6”  of  shotcrete  support  - 

below  Ute  piers  The  ” 

remainder  of  the  shaft  - 

was  di tiled  and  reamed  Z 

tc  n  dia  of  22' li"  and 
to  a  total  depth  of  I 

122.0ft.  - 

Sodter  piers  were  “ 

constructed  by  Cato 
Electric  and  Drilling. 


EMC  FORM  15  36  pstvioui  ioitioms  ami  oaiotrTC 
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lOtvAtOM 

OWLUWGLOC  Southwestern  -COE 
— - 

San  Pedro  Creek  Tunnel 
b.  kocATiSSiT 


llkATtM  San  Antonio  I'  •' 

TXinnel5  Resident  Office  jot 

Mip  o«  iAt  See  KcmarK  ^ 
trsArssTvrTCCviTSKi  <msm  if  Mr^isri — 
MSL 


*  1 

^  <»trcis 


San  Antonio 
Texas 


Camaron  k  Salinas  St. ,Sta. 185-^73.90 


A.  M.  Beck  Foundation 


M.  MOLC  «N>  f  A*  aMMM  «M  A 


*t  M*5uFCTMiiirS  oc«'n*tfr«  of  vniLi  ~ 

Horthwest  5045  (45  ton). _ 

'None 

onr  H/A 

i«  rirvATiOM  cnAwwii** I rn  630,0  El. 


f.  owccYWii  or  Mocr 

j3*««Tfc*k  nn»cm«ro_ 


t  t«*fr  MM.r 


I*' 


\t  TtHCKHCSs  or  evCAPuApoi  13.58  ft. 


U  DCPTMCMiLi.eoMTonjcic  103*42  ft. 


p  TOTAL  DCPTH  or  MOLC 


PasInR 


CLAMirtCATIOH  or  MATOHALS  ' 

OCA  In 

• 

b  ! 

« 

4 

6Ii3.0 

0.0’“ 

0  0'-2  5* 

— 

firftvolly  Play  (tray, 

low  to  medium  plasticity. 

- 

gravelly  with  chert  nodules. 

- 

some  brick,  ceramics  and 

“ 

other  debris  scattered 

throughout 

— 

2.5'-5,0' 

- 

Clay;  dark  gray. 

- 

low  plasticity,  soft,  thin 

soft  caliche  layer 

n 

near  basal  contact. 

— 

5.0'-13.58' 

- 

Clay  tan  and  gray  mottled. 

- 

high  plasticity,  soft,  blocky 

moist,  with  red  Iron  stains 

- 

along  healed  Joints,  contains 

629.  <>2 

13^ 

small  scattered  limy  pockets. 

I 

13.58'-31.0' 

Weathered  Clav  Shale 

— ■ 

Yellowish  tan  and  gray 

626.0 

17.0* 

mottled,  soft,  blocky. 

2 

highly  Jointed  and  fractured 

— 

with  red  Iron  staining  along  | 

upper  contact. 

623.0 

Taylor  Shale  (Kt)  of 

2CL£[ 

Cretaceous  Period. 

il.O’-in.O’ 

- 

Clay  Shale: 

lightgray  to  dark  gray. 

612.0 

31.0* 

soft  to  moderately  hard,' 

- 

aasslve,  haa  mild  to 

strong  petroleum  odor. 

- 

contains  occasional  fossils 

- 

»H  pyrlte  crystals. 

— 2 

:alcareou8  to  very  calcareous, 

- 

>ecome8  moderately  hard 

- 

In  limy  zones. 

Taylor  Shale  (Kt)  of 

: 

'retaceous  Period. 

603.0 

“ 

1  bo. 6 

{2  May  88  .4  May 

If  rtfVATlOW  tpAor  WXir  643.0  El. 

tm  tnt«L  CO**r  Arrov*  Av  I /wi  fi 'iiiHA  S/A 
f»  Wnaiwac  or  iNtf  fk  fon  “  ‘ 

Cmt-hfleld 


|(•col . 
I>ni( 


s  I 
i  I 


18  36  AAtVIOUf  (OITIOMI  AAC  OtSOirll 

rr*AW<;  i/crAT) 


1  Water  I>»vel* 

OotBA  Tree  vater  was 
observed  flowing  from 
red  oxidized.  Jointed 
clay  at  13.0'  to  13.58' 
depth 

?  CKv  IValn  Tll^ 
l>ar!aced  6"  dia.  drain 
tile  at  2  ft.  depth 


3  l>rilllnr  t)ethod“ 
Aupered  a  7B"  dia.  borlnj 
to  17  ft.,  reamed  to 
96"  dia.  and  set  96" 
dia.  f‘^«xnr 
Continued  with  a  78" 
dia  full  flight  auger 
to  the  117  ft  depth 
Bsckfllled’o  lUrt  . 

«“At  Ilf  "  eft'll  np  to  nil 
ft  ,  filled  the  re¬ 
maining  annular  space 
with  concrete,  pulled 
96"  dia.  casing, 
sealed  off  shaft  opening 
with  netal  plate  (refer 
to  remarks  5^6  to  explal: 
thicker  concrete  shaft 
wall  ) 


rnoifCT 

San  Antonio  Tunnels 
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Ii.  Ggploelc  Units 
Qnl  -  Unfon^olldoted 
alluvial  deposits  of 
the  Quaternary  Period. 

Kt  -  Taylor  Shale, 

clav  shale  of  Cretaceous 

Period. 


65.0'-70.0*;  Light  gray, 
nasalve,  moderately  soft  to 
BOderately  hard,  highly 
calcareous,  with  occasional 
fossils,  pyrite  crystals, 
and  Blld  petroleuB  odor 
when  broken. 


1836  eseviov* sotTipMi ASf osjotcie 


DWLUHCLOC  Bouthwestern~COE  Tunnels  Resident  Officd  \ 

•.moMCT  "  -  ^  Antonio  »n  sacMo  »*re  o»  **1  KcinacK 

San  Pedro  Creek  Tunnel  Texas  «rui«Wfai  KLtunt«rfii5Sii7f7Mr7«r 

fcpc«TioiiectW»»w»» iwintf  “'  "  '  MSI* 

Cawaron  ^  Salinas  St.«Sta«185-*73.9Q  «7~S25«7Ac7w8cn^Msi«ii*iioN'or 
"JmgS'tV»u..datlon  _  Nor^-est  50.4j.i4S 

■  Ik.  TOtM.  MO  or  ovrn  |oi«<wnM«o  < 

*.  MOLO  ltO.|4»^MIipil—  OtfMOCM  fcMIMttt  TMFM  | 

Ventilation  shav  —  -  - - 


s.  MMR  or  emkLCM 

A1  Mann 

t.  omccTioN  or  Hot.c 

OvCNTtCAk  ntWCfclWFO  _ 


_ 

«i  toTM.  iwMieii  c^g  i»oKf«  N/A 
IS  <i-Cv«tioMeRov«o>ATCn  630.0  El. 


|»  twiCKwcss or oveoowiioew  13.58  ft. 
I  OCMTH  O^ILkCO  INTO  ROCK  103.42  ft. 


ItLeVAtlOH  OCOTH  LCOCHOl 


**  p*^*****^^ _ |2  May_88  _  .4  May 

•  IT  ccrvAtMw ^or  or  wetr  643.0  El. 

•  ««  TOt*l.  coot  RCCOVCRr  rOM  OORtMC  H/A 

.  *•  steiAtitnc  or»ii?rc7o«  *" 

Roy  Crutctifield 

Hull  •f 


85.Q*-117.Q0*;  Light  gray, 
naasivo,  nod.  soft  to 
Bod.  hard,  very 
calcareous,  with  many 
fossils,  large  pyrlte 
crystals  and  mild  pet-oleum 
odor  when  broken 


5  65  0*-117  O'  Clay 
shilP  becanv'  harder, 
driller  exchanged  flat 
aurer  teeth  for  pointed 
"Tiger  T'*eth",  and 
pumped  water  from  creek 
into  sljaft  to  assist 
sinking  operation 

6.  00  0*-117.0*  Shaft 
hr  ran  to  p)unro  toward^ 
the  w'‘*i  (Can  Fedro  Creek 
?li"  dlQ  and  36"  din 
pilot  holes  were  bored 
to  help  re-allm  shaft 
.ntid  guide  72"  dia  auger 
T»ie  hoi''  was  then  reamed 
out  to  the  7H”  dIa 


Allrnnr.nt  reehecked  and 
roun<l  to  h«  within 
contract  tolerances. 
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n ^  nnvio«»tDiTi©Mi*ino**owe»t  j  °^"'San  Antonio  Tunnels  1"  SF-5 
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APPENDIX  E 


Plates  (maps) 


GEOLOGIC  PRORLE  A-A 
TUNNa  AUGNUCNT 


t*rt 


S*t4 


APPENDIX  F 


Boring  Logs  (design  investigations) 
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VL-lli 


O.fl  to  0«5*  *  uMereto. 

0.5  to  1.0  -  - 

etofw  to  flat.  4wip«  rto 
trail,  aarr  mtdf» 


CUT  •  high  rlaatleltT. 
aaft  to  Medlar  attff, 
•alat,  Aarli  all«a,  rn*ala 
•cattorH  alUiln,  fesslMj 
an  rtira**!]’  aeather^ 
afile. 


SHALE  •  todly  antherad, 
a  aaft  clay  eoMlateney* 
aalat«  aaaa  aaed  atola 
atraetara  aftor  *•,  yella* 
tram,  aena  Ifrtit  fray* 
«aal*a.  allty,  line 
■adalaa  and  eoneaatntloits 


It  to  t?0'  -  roehblt, 
anaeatfired  darli  aray  •  3**' 


«  anaaaUwradf  dark 
gray  and  ahlto,  in-atre,  . 
eale«  chealcal  e<tor«  nnd«  ' 
cratoty  aeft  to  Hard 

(reek  elaanlflratlen) 
llavy  thrnurhr'otf  fyrlto 
acitterrd,  nl.  fannlllferc 
SIlfMlv  rHac<*nUto(‘w»J) 
fmalAj  tn 

freen  rlaaeonttd'  a«nd 
acatirrrd  fma  to 

*<*** 

Hpcoaaa  very  llney  after 
150*. 


I«.0  to  0.5*  -  7  7!*^ 
roskblt. 

0.5  to  2*  -  11“  4r»rMf. 
2  to  11'  -  10" 

I*  to  120*  -  7  7/^ 
roekblt, 

120  to  IH0*  •  *1“  rarW^n 


He  aitor  ler<*l 
A  tontonltlr  rre »t  all- 
t«ra  aealM  uy  hoto  ^fi- 
er  drilling  and  E-lof. 


Hole  rrcerdM  elth 
realatlrltT,  eaUy^r, 
ant  yaaa*r  lera  hr 
eentraeter 


All  k"  TTcnrorH  r«ra 
aai  arapi»i  »llh  etv*ea»- 
cleth  and  aealed  vltO 
heated  Mas* 


?«.«•  vllh  toarlir 
n26'F  free  ^r-PoO. 


I>riller  ealird  onvrato- 
arnl  at  yi'. 


A.  O.S  to  1.0 

t.  1.0  to  k.O 

C.  to.O  to  P.O 

D.  R.n  to  M  0 


■5 


DL-120 


F-21 


(n4Ntt*c«>n 


DL-125 


ll 

1  San  r«^lro  Creek.  San  Antonio. 

>  LOCATIOW  IC.mOiw..  .. 

•  OWliklM* 

USCE. 

6A4c-2ft2 

If  MAVC  «•  e*ILi.CM  1 

1  keene  of  Kllyard  drllllni, 

I.  •<■vefl•«  e.  wof  ■ 

r- . - r- - 

•  oewTH  aaik^ia  Mfoacea 

5.11  — . 
175.0 

»  TOtAk  MWTH  e*  MM.e 

IM.O 

6a«<C-2R2 

■nseTT  r 


w  tari  MO  r.ft  or  eif  * 

TT-gTTSt  ran  ntotttgir  tcctsttw  z  Mn — 

•1  sAiiiil.c  iimFm  I  eftlowliJoS  ST  nSitr '  "  ~ 

_ _ ^vpdfwr  Denver  1  <00 _ _ _ 

•*  t«tAk  wo  0»  OvtA-  UW1.  ..■••■ri. 

M  tetAk  nwaoca  cook  ooiit 

IJ _ 

•••AtCWOlK  Is 

J4  .  7  my  P4 

*»  tovAk  coot  otcovta*  VM 

•M..0  inn  » 

.*  or  mtwKC.oo  ^ 

tbCVAIIW 


0«0  to  0.1  •  Aoftttlt. 

0«t  to  1.0 

CIUVEI  -  tas«  fimj 

to  eoono.  d«RM»  dry*  dtrij 
brettn,  vtr7  eUyoy  *  Mndj. 


1*0  to  5.0 

CLAT  >  hl^h  pUttleltjrf  ned' 
luo  stiff,  •elst,  dark  brn, 
vtry  (trsvtlljr  vfltll  2*, 
sUgbtly  frsvtllf  and 
aandf  froa  2  to  5** 


5.0  to  45' 

Smi  •  badly  vsathsrad  to 
•aathsrod,  yallos  broaa  aiv| 
iniy.  sasalvo.  aolst 
calcarooua,  ao»t  )la«  with- 
la,  toft  to  aodtrattly 
toft  (rook  classlftcatlon), 
matly  plaotlc  oontlttoncy. 
tsptelally  ntar  top  of 
ttetlon. 


|45.o  to  ino.o 

gULt  •  an  unwatthorod  dark 
nrty  to  whltt,  very  lltty, 
aoderstely  hard(roek  elatt- 
Ifleatlon),  atttlvt,  eale, 
pyrltt  Itntta  acattorad 
throufhout. 

tllahtly  flaueonttle  (rttn 
sand  within  shtit  froa 
159.9  to  162.0'. 


P'*3' 

bA 


JtiL 


■  Orllllrv; 

|0.0  to  t.o  -  11”  dnftbU: 
1.0  to  5*5'  •  lO”  aufer.i 

to  120'  •  M"  drt^>  I 
bit. 

120  to  lP-0’  “  4'*  carbon 
core.  I 

Driller  called  slower 
drinirv  aft-r  14$',  I 


Hole  after 

ceaplellen  nf  'Irllllnr, 
left  np*"  fP’’  fotwre 
watf^r  etierk,  C-loA:t  and 
yroutlrut. 


Hole  locatlont  2?,)'  fro' 
sTT^OfT  at  a  b<*arlny  of 
S  P, 


0,1  to 
1.0  to 
5.0  to 


1.0 

5.0 

5.5 


All  core  roroyery 
wrapped  In  chepn.^elnth 
and  fif-lr-d  wlUi  a  wara*d 
up  ma  aM  placed  In 
core 


Unweathered  ahale  •  45' p 


II 1*  ~ 

miMuircrwn 
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-2 


DH28 


35 


MntUNCUK 


DL-136 


F-3 


^1134  r*c»>«w(  «wn«ai  MMVift 


*SAti  PfbKo  TJWW£L 


inokt  ■>« 

’5^-28+ 


rl«MM.»COTn 


3P-284 


Y‘U2  '' 


tuuMm.  6A4C 


tuun*  CtAAC-Z3C 


ACI 

mi 

- 

CLAlY  fiLL- 

— 

0  0-^5  'Mett.UoA- 

Ht*H  f*LASTtC*Ty,bAA 

- 

6RO\.i»J,  HARt>.  bAy-b/ 

— 

CA(.CAmebOS,  V£Ay 

H^H 

CKA'f€Hy  v/!t>*  LAARi 

~ 

— 

^.3  -4.5  -Meb.t/AA- 

_ 

I4$&H  PLAiffC.  ■ry,  bA4 

~ 

enouj^j,  sr,ff  .'fSAy 

— 

SrtRf,  OAM^-Sti*MTt 

- 

*AOt5-r ,  C^t.<AA€OU5 . 

l^ll 

_ 

uJiTM  SOAffiR^b  GRAf 

— 

4  S  •lo  O  i  *Aie6/»A< 

■■? 

- 

plASfiCfry. 

- 

"fAj.  MARb^  bAMp,  OfRf 

■Hi 

LiMy,  u/fr^^^AffTAet 

- 

5mAC(.  GRAOXC  to  v£A  5 

- 

GRAVetAy  fRo.^  0  b4 

_ 

io  o't 

z 

10.0  «  T*»  JJ.O 

i 

CLAY  ’  M€bt<JM  •  M0AR  F>IA5  » 

_ 

bARif  YCRy  STrf 

■ 

OAMp,  CAACAReOi/S,  i*Ji  ■ 

■M 

— 

OC<ASK*.JAC  ORAVec 

11  0  TO  14  0 

^'A<€5ro^<»  «  CMBAT, 

11.0  _ 

- 

S<.Arf£K€t>  C€/P0L€S 

I 

14  0  Tp  14  O' 

M 

!5CI 

0R.O{*t4,  STf  Mt>.ST 

IHI 

k 

- 

'tc 

I 

-:: 

— 

- 

I 

~ 

■~ 

- 

_ 

'i. 

1 

> 

io  ~ 

■ 

(ruMiivcMn 


Z  Jajz  W<rtc> 


£A/T£(t/fJ6  Scx/Aya 

l,jRi>JC>  0f>iL.L>>JO 

AT  JR  O  U/A  TXc 
CAS€3'  off  B' 

rvc  r,  r£  l.G«o^m:^ 
»/J  PtACtf 


o  o ' 
3  r: 


3  S 

,  ,  -  < 

4  5'-  C  O 
14  o  ~  J<  a 
I*  a  -2(0 

21  O  ~  ZS  ' 

COvLt>  /vfcir  C-A 

\^^4^0t.iC  P/tCMJO  O  - 
'  lA  O  X>tJe  ^4/i£. 

U/AltR.  i.  pRf^L  MiJlSi 


bfA  1  c  c  a 

Z  6  o'  •  JO  O 
I  Vorg  4«>jfr'.S’/t/ky'4C. 
/O  f  '  -12  0 
t>je.  To  GKA'fSL 


4  l>Ril  UfJG 

iO  rLl&H'f  ^iJSfK' 
CO  -Co 

B  'MC£L 
CAS>hl6  To  6  O 

Co  ~  JZ  o 
iO  /'Ci6Hf  Auoffi 
12  c  -  25' o 

^  irT£t_ 

CA$|4C  f.5€r  p'TVC. 

Y»  ^5■  O  ♦ 

dRooretf 


5"  fJjrry^:  BoRitjc  fo 
5^  LAJfR 

U//TVC  CoAf  e^tR6L 
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nbundant  II**  no<ul**t  /w^  2 

olUy. 

■  ijA* 

3>!ip<  tani  fine  gralnedt 
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Geotechnical  Instrumentation  Report 
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FINAL  INSTRUMENTATION  REPORT 
FOR  THE  SAN  PEDRO  CREEK  TUNNEL  AND  OUTLET  SHAFT 


IF 


SAN  ANTONIO  RIVER  AND  SAN  PEDRO  CREEK  TUNNELS  PROJECT 
SAN  ANTONIO,  TEXAS 


1*0  INTRODUCTION  AMD  AUTHORIZATION 

The  San  Antonio  River  and  San  Pedro  Creek  tunnels  and  associated 
shafts  are  currently  being  constructed  by  Ohbayashi  Corporation 
(Ohbayashi)  under  the  Phase  II  contract  of  the  San  Antonio 
Channel  Improvements  Project.  Phase  II  design  and  construction 
contract  administration  are  being  performed  by  the  U.  S.  Army 
Corps  of  Engineers  (COE) .  Local  sponsors  of  the  project  are  the 
San  Antonio  River  Authority  (SARA)  and  the  City  of  San  Antonio, 
Texas. 

The  San  Pedro  Creek  Tunnel  (SPCT)  is  approximately  6,000  ft 
long.  It  extends  from  a  24-ft  finished  diameter  inlet  shaft 
located  in  the  San  Pedro  Creek  channel  near  Quincy  Street  to  a 
35-ft  finished  diameter  outlet  shaft  located  on  the  west  bank  of 
the  San  Pedro  Creek  channel  at  Guadalupe  Street.  The  tunnel  was 
excavated  from  the  outlet  shaft  to  the  inlet  shaft  with  a  tunnel 
boring  machine  (TBM) ,  and  it  has  a  "one-pass"  lining  of  precast 
concrete  segments.  It  has  an  approximate  27-ft  excavated 
diameter  and  a  24-ft  4-inch  finished  diameter. 

The  San  Antonio  River  Tunnel  (SART)  is  approximately  16,000  ft 
long.  It  extends  from  a  24-ft  finished  diameter  inlet  shaft 
located  near  U.  S.  Highway  281  (McAllister  Freeway)  at 
Brackenridge  Park  to  a  35-ft  finished  diameter  outlet  shaft 
located  in  a  bend  of  the  San  Antonio  River  near  Roosevelt  Park.- 
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The  SART  is  currently  under  construction,  and  it  is  planned  to 
be  lined  with  precast  concrete  segaents.  Khen  completed,  it 
will  also  have  a  24-ft  4-inch  finished  diaaeter. 

The  SPCT  and  the  SART  were  designed  to  bypass  floodwaters 
beneath  the  City  of  San  Antonio,  Texas.  Figure  1  shows  the  SPCT 
and  SART  plan  alignjsents  through  the  city,  and  Figv  "e  2  shows 
the  tunnel  profiles. 

Woodward-Clyde  Consultants  (KCC)  had  a  subcontract  with 
Ohbayashi  to  provide  specified  geotechnical  instrunentation 
services  during  construction  of  the  Phase  II  tunnels  and  shafts. 
The  purpose  of  the  instrunentation  progran  was  to  obtain  data 
that  would  be  used  by  Ohbayashi  and  the  COF  for  design 
verification  and  future  design  applications. 

This  report  on  the  instrunentation  installed  in  the  SPCT  and 
outlet  shaft  has  been  prepared  in  accordance  with  Section  2C, 
Paragraph  2.3(11)  of  the  project  specifications,  and  COE  Letter 
CW-0896,  dated  17  November  1989.  It  is  organized  into  two 
/dunes:  Volume  I  contains  the  text,  tables,  and  figures  of  the 
report,  and  Volume  II  contains  the  report  appendices. 

Following  this  introductory  Section  1.0,  Section  2.0  describes 
the  types  of  instruments  installed,  and  Section  3.0  discusses 
the  instrumentation  locations  and  installation  procedures. 
Section  4.0  presents  the  instrumentation  data  and  Section  5.0 
provides  summary  interpretations  of  the  data. 

The  appendices  contained  in  Volume  II  are  as  follows: 

Appendix  A:  Manufacturer's  Brochures  for  Selected 
Instrumentation 


Appendix  B:  Results  of  Pull-Tests  Perforned  on 

Instruaented  Kon-Structural  Rock  Bolts 

Appendix  C:  Records  of  Data  froa  Borescope  Observations 
and  Keasuzenents 

Appendix  D:  Ted>ulations  of  Raw  and  Reduced  Instruaentation 
Data 

Appendix  E:  Plots  of  Reduced  Instruaentation  Data 

2.0  TYPES  OF  IHSTRUMEWTATIOW 

Instrunentation  installed  for  the  SPOT  and  outlet  shaft  consists 
of  aulti-position  borehole  extensoaeters,  rock  bolt  load  cells, 
total  pressure  cells,  reinforced  concrete  strain  meters, 
convergence  reference  points,  and  displacement  markers.  In 
addition,  as  part  of  the  tunnel  instrunentation  program, 
bcrescope  observations  were  made  in  borings  drilled  for  that 
purpose  in  the  rock  mass  surrounding  the  SPCT  excavation. 

With  the  exception  of  the  displacenent  markers  and  the 
borescope,  all  of  the  instrumentation  installed  for  the  SPCT  and 
outlet  shaft  was  supplied  by  Geokon,  Inc.  (Geokon) ,  of  Lebanon, 
New  Hampshire.  Copies  of  Geokon's  brochures  describing  the 
instruments  that  were  installed  are  contained  in  Appendix  A. 

The  displacement  markers  were  procured  from  Alamo  Iron  Works  in 
San  Antonio,  Texas,  and  the  borescope  was  purchased  from  Hocker 
Inc.,  of  Houston,  Texas.  Summary  listings  of  instrument  types 
and  installation  locations  are  providea  in  Tables  1  and  2.  The 
following  paragraphs  briefly  describe  the  different  types  of 
instruments. 


Multi-position  borehole  extensoneters  are  used  to  monitor  ground 
deformations  at  different  distances  (positions)  from  an  assumed 
fixed  reference  position.  For  the  SPCT  project,  six-position 
borehole  extensometers  were  used  to  monitor  vertical 
deformations  of  the  rock  mass  overlying  the  tunnel,  and  three- 
position  borehole  extensometers  were  used  to  monitor  horizontal 
deformations  of  the  rock  mass  surrounding  the  outlet  shaft. 

The  borehole  extensometers  that  were  installed  in  the  SPCT  and 
cutlet  shaft  were  Geokon's  model  A-3-1500  borehole  extensometers 
(see  Appendix  A) .  These  are  tensioned  rod-type  extensometers 
with  groutable  anchors.  The  reference  heads  are  equipped  with 
linear  potentiometers  for  electronic  monitoring  of  the  anchor 
movements.  The  movements  vere  also  occasionally  manually 
monitored  using  a  digital  depth  micrometer.  The  potentiometers 
had  a  range  of  4  inches,  and  the  electrical  read-out  box 
provided  a  resolution  of  0.001  inch.  The  resolution  of  the 
digital  depth  micrometer  was  also  0.001  inches,  but  the  readings 
were  only  accurate  to  within  about  0.005  inches  under  the  most 
favorable  monitoring  conditions. 

2,2  Rock  Bolt  Load  Cells 

The  load  cells  installed  for  the  SPCT  project  were  "donut"- 
shaped,  or  hollow-centered,  for  installation  on  the  end=  of  non- 
structural  rock  bolts.  The  load  cells  utilized  for  the  project 
were  Geokon's  model  4900-50-1.0  50-ton  capacity  vibrating  wire 
load  cells  (see  Appendix  A) .  The  sensing  element  of  these  load 
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cells  consisted  of  four  vibrating  wire  strain  gages.  Load 
development  measured  by  the  load  cells  was  monitored 
electronically. 

2.3  Total  Pressure  Cells 

Total  pressure  cells  were  installed  on  the  outside  of  selected 
precast  concrete  liner  segments  for  monitoring  the  development 
of  stresses  in  the  segments  as  a  result  of  rock  mass  loadings. 
They  were  also  cast  into  the  final  concrete  liner  of  the  outlet 
shaft  to  monitor  stresses  developing  in  the  liner.  The  pressure 
cells  utilized  for  the  SPOT  project  were  Geokon's  model  4800E 
total  pressure  cells  (see  Appendix  A).:  These  cells  consisted  of 
two  circular  stainless  steel  plates  welded  together  at  their 
periphery,  and  spaced  apart  by  a  narrow  cavity  filled  with  an 
antifreeze  solution,  pressures  acting  on  a  cell  forces  the 
fluid  against  a  diaphragm,  which  acts  against  a  vibrating  wire 
pressure  transducer  that  converts  the  pressure  to  an  electrical 
signal. 

2.4  Reinforced  Concrete  Strain  Meters 

Reinforced  concrete  strain  meters  were  embedded  in  selected 
precast  concrete  liner  segments  to  measure  the  stresses 
developing  in  the  ’^einforcing  steel  of  the  segments.  The  strain 
meters  used  were  Geokon's  model  4911  "Sister  Bars"  (see  Appendix 
A)  .;  These  instruments  were  essentially  vibrating  wire  strain 
gages  fixed  to  short  lengths  of  reinforcing  steel.  For 
installation,  the  instruments  were  tie-wired  to  the  reinforcing 
steel  "cage"  of  the  selected  liner  segments. 
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Convergence  reference  points  function  as  the  end  points  for  tape 
extensometer  readings.  The  tape  extensometer  readings  were  used 
to  monitor  changes  in  chord  lengths  inside  the  tunnel,  and 
hence,  closure  and  deformation  of  the  tunnel  section.  For  the 
SPCT  project,  stainless  steel  eye-bolts  attached  to  groutable 
rebar  anchors  were  used  for  the  reference  points,  and  the  tape 
extensometer  was  Geokon's  model  1600-1  tape  extensometer  (see 
Appendix  A).  The  tape  extensometer  had  a  resolution  of  0.001 
inch,  and  the  readings  were  repeatable  to  0.005  inch. 


2.6  Surface  Displacement  Markers 

Surface  displacement  markers  were  installed  along  the  SPCT 
alignment  to  monitor  the  amount  of  surface  displacement,  if  any, 
due  to  tunnel  construction  approximately  120  ft  below  the  ground 
surface.  The  specified  surface  displacement  markers  consisted 
of  4-ft  long  lengths  of  No.  6  reinforcing  steel  driven 
vertically  into  the  ground,  with  the  top  of  the  rod  flush  with 
the  ground  surface.  The  elevations  of  the  tops  of  the  rods  were 
monitored  using  optical  surveying  techniques.  Measurements  were 
made  to  the  nearest  0.001  ft,  and  the  readings  were  considered 
accurate  to  0.01  ft. 


2.7  Borescope  Observations 


An  Instrument  Technology,  Inc.  model  1'’2500  battery-powered 
extendable  borescope  was  procured  for  the  SPCT  instrumentation 
program.  It  was  fitted  with  a  right-angle  viewing  head  that 


provided  a  2-inch  relatively  undistorted  field  of  view,  and  an 
attachment  was  available  for  mounting  a  35  mm  camera  at  the 
viewing  end.  The  eye-piece  was  inscribed  with  0.025  inch 
graduations . 


The  borescope  was  used  to  observe,  photograph,  and  measure 
fracture  openings,  including  joints  and  bedding  planes,  in  the 
rock  mass  surrounding  the  tunnel  excavation.  The  observations 
and  measurements  were  made  in  seven  8-ft  long  3-inch  diameter 
boreholes  drilled  at  various  angles  from  the  inside  of  the  TBM 
at  approximately  equal  spacing,  excluding  the  invert,  around  the 
periphery  of  the  tunnel  at  COE-specif ied  tunnel  stations. 
Centering  devices  were  attached  to  the  borescope  to  keep  it 
aligned  in  the  boreholes. 


3.0  IMSTRUMENTATIOH  LOCATIOHS  AKD  INSTALLATION  PROCEDURES 

Tables  1  and  2  list  the  instrumentation  that  has  been  installed 
in  the  SPCT  and  outlet  shaft,  including  the  quantities 
installed,  the  installation  locations,  and  the  dates  of 
installation  and  latest  readings.  Table  2  also  shows  the  status 
of  the  different  instruments  as  of  the  dates  of  the  latest 
readings.  Figure  **  shows  the  instrumentation  locations 
relative  to  the  SPCT  alignment,  and  Figures  **  through  **  are 
schematic  sketches  of  typical  instrumentation  installations. 

The  following  paragraphs  provide  selected  details  of  the 
instrumentation  installation  procedures.  Except  as  noted,  the 
instrumentation  installations  generally  conformed  with  the 
project  plans  and  specifications. 
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3.1  Outlet  shaft  inatrunentation 

Instrumentation  installed  in  the  SPOT  outlet  shaft  consists  of 
12  three-position  borehole  extensometers ,  12  rock  bolt  load 
cells,  and  six  total  pressure  cells.  Four  extensometers  were 
installed  at  each  of  three  elevations,  namely  approximate 
elevations  604  ft,  575  ft,  and  550  ft  (Project  Datum,  PD) ,  four 
rock  bolt  load  cells  were  installed  at  each  of  approximate 
elevations  596  ft,  575  ft,  and  550  ft  PD,  and  the  six  total 
pressure  cells  were  installed  at  approximate  elevation  562  ft 
PD.  The  installation  configurations  of  the  outlet  shaft 
instruments  are  shown  on  Figures  **  and  **,  and  the  installation 
procedures  are  discussed  in  the  following  paragraphs. 

3.1.1  Borehole  Extensometers.  Figure  **  shows  a  typical 
borehole  extensometer  installation  in  the  outlet  shaft.  The 
extensometer  anchors  were  at  depths  of  approximately  3  ft,  11 
ft,  and  26  ft  from  the  shaft  wall.  The  reference  head  was 
recessed  24  inches  in  the  wall  to  protect  it  from  damage. 

At  each  of  the  three  instrumentation  elevations,  the  electrical 
read-out  cables  from  all  four  extensometers  were  routed  along 
the  circumference  of  the  shaft  through  PVC  conduit  to  a  common 
point,  where  they  were  spliced  to  a  multi-pair  junction  cable. 
The  junction  cable  was  then  routed  vertically  through  PVC 
conduit  to  the  ground  surface,  where  it  terminates  in  a  lockable 
watertight  terminal  box.  At  the  time  of  this  writing,  the 
location  of  the  extensometer  terminal  boxes  is  considered 
temporary;  however,  each  terminal  box  is  labeled,  and 
identification  for  future  monitoring  is  not  expected  to  be 
problematical. 
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Complete  installation  of  four  extensometers  at  one  elevation  was 
generally  a  two-  to  three-day  effort,  including  time  to  drill 
the  boreholes.  After  a  borehole  was  drilled,  the  extensometer 
rods  and  standpipe  were  inserted,  and  a  cement-based  grout  was 
pvunped  through  the  standpipe  into  the  borehole.  The  grout  was 
given  12  hours  to  cure,  at  which  time  the  rods  were  tensioned 
and  the  reference  head  was  installed.  Electronic  readings  were 
typically  erratic  up  to  24  hours  after  grout  placement,  but 
manual  readings  were  taken  immediately  following  installation. 

3.1.2  Rock  Bolt  toad  Cells.  Figure  **  shows  a  typical  rock 
bolt  load  cell  installation  in  the  outlet  shaft.  The  load  cells 
were  installed  on  39-ft  long  No.  8  steel  reinforcing  bars,  19  ft 
of  which  were  anchored  with  a  2-part  fast-setting  resin  grout. 
The  20-ft  long  free  length  was  double-wrapped  with  asphaltic 
tape  and  cased  with  2-inch  diameter  PVC  pipe  to  mitigate  any 
anchoring  effects  that  might  occur  on  the  free  length  as  a 
result  of  closure  of  the  borehole.  The  rock  bolts  installed  for 
purposes  of  load  cell  instrumentation  were  not  considered  to  be 
structural  members. 

Following  installation  of  the  rock  bolts,  and  prior  to  placing 
the  load  cells,  the  bolts  were  pull-tested  for  verification  of 
anchor  reliability.  The  pull-tests  consisted  of  loading  and 
unloading  the  bolts  in  1-ton  increments  (or  decrements)  while 
monitoring  bolt  movements.  The  maximum  load  applied  during  the 
pull-tests  was  10  tons.  In  all  except  one  case,  bolt  anchorage 
appeared  satisfactory,  with  the  load-deformation  behavior  of  the 
bolt  installations  being  approximately  linear.  The  exceptional 
case  was  a  bolt  installed  at  approximate  elevation  596  ft,  the 
anchorage  of  which  appeared  to  fail  at  an  approximate  load  of  ** 


tons.  Appendix  B  contains  the  results  of  all  of  the  pull-tests 
performed  for  the  non-structural  rock  bolt  installations  in  the 
SPCT  outlet  shaft. 


The  load  cells  were  mounted  on  the  rock  bolts  immediately 
following  completion  of  the  pull-tests.  Each  load  cell  was 
seated  on  l-inch  thick  steel  bearing  plate,  and  was  held  in 
place  by  a  was’^ar  and  nut  assembly.  In  some  cases,  dry-pack 
(hydraulic)  concrete  was  placed  beneath  the  bearing  plate, 
between  the  plate  and  the  underlying  rock  mass,  to  improve  the 
contact  between  the  bearing  plate  and  the  rock  mass,  and  to 
orient  the  bearing  plate  as  nearly  perpendicular  to  the  bolt  as 
possible.  The  end  of  the  rock  bolt  was  recessed  approximately  6 
inches  in  the  shaft  wall  to  protect  the  load  cell  from  damage. 
There  were  no  loads  applied  to  the  load  cell  at  the  time  of 
installation  other  than  the  "snugging"  load  applied  by  the 
washer  and  nut  assembly. 

At  each  of  the  three  instrumentation  elevations,  the  electrical 
read-out  cables  from  all  four  rock  bolt  load  cells  were  routed 
to  the  ground  surface  in  the  same  manner  as  the  cables  for  the 
three-position  borehole  extensometers. 

Complete  installation  of  four  rock  bolt  load  cells  at  one 
elevation  was  generally  a  one-  to  two-day  effort,  including  time 
to  drill  the  boreholes  and  perform  the  pull-tests.  After  a 
borehole  was  drilled,  the  resin  grout  cartridges  and  the  bolt 
were  inserted  into  the  borehole,  and  the  bolt  was  spun  to  mix 
the  cartridge  ingredients.  Approximately  15  minutes  later,  the 
bolt  was  pull-tested.  The  load  cell  was  installed  after 
completion  of  the  pull-test.  Electronic  readings  were  typically 
erratic  up  to  about  12  hours  after  load  cell  installation. 
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The  installation  procedure  for  the  instrumented  rock  bolts 
described  herein  represents  a  significant  deviation  from  the 
project  plans  and  specifications.  As  installed,  the  rock  bolts 
have  approximately  19-ft  long  by  1-5/8-inch  diameter  resin- 
encapsulated  anchors  instead  of  the  specified  10-ft  long  by  3- 
inch  diameter  resin-encapsulated  anchors.  This  change  was 
necessary  because  the  specifications  were  inconsistent  with 
industry  standard  products  and  procedures. 

3.1.3  Total  Pressure  Cells.  Figure  **  shows  a  typical  total 
pressure  cell  installation  in  the  outlet  shaft.  The  pressure 
cells  were  attaciied  with  tie  wires  to  reinforcing  bars,  then 
cast  in  tne  final  concrete  shaft  liner. 

Approximately  28  days  after  the  pressure  cells  were  installed, 
the  cells  were  "repressurized"  using  a  crimping  tube  mechanism 
designed  for  that  purpose.  Repressurization  causes  the  cells  to 
expand  against  the  surrounding  the  concrete,  and  thereby  fill 
any  voids  between  the  cells  and  the  concrete  resulting  from 
contraction  of  the  concrete  as  it  cured. 

The  electrical  read-out  cables  from  all  six  total  pressure  cells 
were  routed  along  the  circumference  of  the  shaft  to  a  common 
point,  then  routed  to  the  ground  surface  in  a  tied  bundle.  At 
the  time  of  this  writing,  the  cables  terminated  at  individual 
spools  temporarily  located  near  the  collar  of  the  shaft.  Within 
the  shaft,  the  cables  were  cast  in  the  final  concrete  shaft 
liner. 


Instrumentation  was  installed  at  two  stations  of  the  SPCT, 
namely  Station  143+7S  and  Station  158+47.  The  instrumentation 
that  was  installed  at  each  station  consisted  of  the  following: 

o  One  six-position  borehole  extensometer; 
o  One  rook  bolt  load  cell; 
o  Three  total  pressure  colls; 
o  Three  reinforced  concrete  strain  meters;  and 
o  Six  convergence  reference  points. 

In  addition,  borescope  observations,  photographs,  and 
measurements  were  made  at  both  instrumentation  stations,  and 
surface  displacement  markers  were  installed  in  the  vicinity  of 
Station  143+75. 

The  six-position  borehole  extensometers  and  the  displacement 
markers  were  installed  at  least  200  ft  in  advance  of  the  TBM 
excavation.  The  total  pressure  cells  and  the  reinforced 
concrete  strain  meters  were  installed  with  the  precast  concrete 
liner  segments,  approximately  67  ft  behind  the  TBM  cutter  head, 
and  the  rock  bolt  load  cells  were  installed  and  the  borescope 
observations  made  immediately  after  installation  of  the 
instrumented  segments.  The  convergence  reference  points  were 
installed  as  soon  as  practicable  after  installation  of  the 
precast  segments,  but  it  was  not  possible  to  make  tape 
extensometer  measurements  until  the  TBM  trailing  gear  had  passed 
the  instrumentation  station,  approximately  400  ft  behind  the 
cutter  head. 
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The  installation  configurations  of  the  tunnel  instruments  are 
shown  on  Figures  **  and  **,  and  the  installation  procedures  are 
discussed  in  the  following  paragraphs. 


3.2.1  Borehole  Extensometers .  Figure  **  shows  a  typical  six- 
position  borehole  extensometer  installation  at  a  tunnel 
instrumentation  station.  The  deepest  extensometer  anchor  was 
located  approximately  3  ft  above  the  crown  of  the  tunnel 
excavation,  or  approximately  115  ft  below  the  ground  surface, 
and  the  other  S  anchors  were  spaced  between  the  deepest  anchor 
and  the  weathered/unweathered  shale  interface.  The  reference 
head  was  located  at  the  ground  surface,  but  recessed 
approximately  3  ft  so  that,  its  protective  cover  was  installed 
flush  with  the  surface. 


The  electrical  read-out  cable  from  the  extensometer  was  routed 
through  conduit  to  a  watertight  terminal  box.  For  the 
extensometer  at  Station  143+75,  the  terminal  box  was  temporarily 
located  in  a  lockable  utility  shed  placed  on  the  project  site 
for  that  purpose.  For  the  extensometer  at  Station  15J+47,  the 
terminal  box  was  placed  in  a  recessed  lockable  rectangular  valve 
box  installed  near  the  extensometer. 

Complete  installation  of  a  six-position  borehole  extensometer 
was  generally  a  four-  to  five-day  effort.  On  the  first  day,  12- 
inch  diameter  PVC  casing  was  drilled  through  the  overburden 
soils  and  weathered  shale  at  the  extensometer  location,  and 
grouted  in  place.  Approximately  12  hours  later,  after  the  grout 
had  set,  the  boring  was  advanced  through  the  unweathered  shale 
to  total  depth.  Rock  cores  were  recovered  from  the  boring,  and 
logged  for  geologic  characteristics.  After  the  borehole  was 
drilled,  the  extensometer  rods  and  standpipe  were  inserted,  and 
a  cement-based  grout  was  pumped  through  the  standpipe  into  the 
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borehole.  The  grout  cured  at  least  24  hours,  at  which  time  the 
rods  were  tensioned  and  the  reference  head  was  installed. 
Electronic  readings  were  typically  erratic  up  to  24  hours  after 
grout  was  placed,  but  manual  readings  were  taken  immediately 
following  installation. 

3.2.2  Rock  Bolt  Load  Cells.  The  rock  bolt  xoad  cell 
installations  varied  between  the  two  SPCT  instrumentation 
stations.  Therefore,  the  installations  will  be  discussed 
separately. 

(a)  Instrumentation  Station  143t75.  Figure  **  shows  the  rock 
bolt  load  cell  installation  at  Station  143+75  of  the  SPCT.  It 
is  similar  to  the  load  cell  installations  in  the  outlet  shaft. 
The  rock  bolt  was  installed  vertically  in  the  roof  of  the  tunnel 
from  the  top  of  the  TBM  main  beam  through  a  12-inoh  diameter 
"block-out”  that  had  been  cast  for  that  purpose  in  the  liner 
segment.  The  bolt  was  installed  vertically  rather  than  radially 
because  the  configuration  of  the  TBM  machinery  did  not 
accommodate  a  radial  drill  rig  set-up  in  the  roof  of  the  tunnel.. 
The  vertical  installation  took  a  significantly  longer  period  of 
time  than  the  horizontal  installations  in  the  outlet  shaft  due 
to  difficulties  experienced  in  placing  t+a  resin  grout 
cartridges  in  the  borehole,  orout  dripped  from  the  borehole 
after  it  was  mixed  until  sufficient  time  had  passed  for  it  to 
completely  sec. 

Following  installation,  and  prior  to  mounting  the  load  cell,  the 
rock  bolt  was  pull-tested  in  the  manner  described  previously  for 
the  bolts  installed  in  the  outlet  shaft.  The  maximum  load 
applied  during  the  pull-test  was  8.5  tons.  Although  the  bolt 
anchorage  appeared  to  slip  at  an  approximate  5-ton  load,  it 


successfully  held  the  Biaximum  8.5-ton  load.  Appendix  B  contains 
the  results  of  the  pull-test  performed  for  the  bolt  installed  at 
Station  143+75. 

The  load  cell  was  mounted  on  the  rock  bolt  immediately  following 
completion  of  the  pull-test  in  the  manner  described  previously 
for  the  bolts  installed  in  the  outlet  shaft.  The  load  cell 
installation  was  recessed  in  the  block-out  cast  in  the  12-inch 
thick  precast  liner  segment.  The  instrumented  roc',  bolt  was 
stressed  with  an  approximate  l-ton  tensile  load  at  the  time  of 
installation. 

The  electrical  read-out  cable  for  the  load  cell  was  spliced  to  a 
junction  cable  that  ran  along  the  outer  surface  of  the  liner  to 
the  hydraulic  instrumentation  shaft  located  at  approximate 
Station  143+00.  The  junction  cable  was  then  routed  to  the 
ground  surface  through  the  hydraulic  instrumentation  shaft  to  a 
watertight  terminal  box  temporarily  located  in  a  lockable 
utility  shed  placed  near  the  collar  of  the  shaft  for  that 
purpose. 

(b)  Instrumentation  Station  158+47.  Partially  due  to  the 
difficulty  experienced  at  Station  143+75  in  placing  the  resin 
grout  cartridges,  the  decision  was  made  to  change  to  a  cement- 
based  grout  anchorage  for  the  rock  bolt  installation  at  Station 
158+47.  The  anchor  length  was  increased  from  20  to  25  ft,  and 
the  grout  cured  for  90  hours  before  the  bolt  was  pull-tested. 
However,  in  all  other  respects,  the  installation  was  the  same  as 
the  Station  143+75  installation.  The  bolt  was  successfully 
pull-tested  to  a  maximum  load  of  8  tons,  and  it  was  stressed 
with  an  approximate  1-ton  tensile  load  at  the  time  of 
installation.  Appendix  B  contains  the  results  of  the  pull-test 
performed  for  the  bolt  installed  at  Station  158+47. 
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The  electrical  read-out  cable  for  the  load  cell  was  spliced  to  a 
junction  cable  that  was  routed  to  the  ground  surface  through 
steel  conduit  attached  to  the  inside  wall  of  the  ventilation 
shaft  located  at  approxieate  Station  158+14.  It  was  necessary 
to  place  the  junction  cable  in  a  conduit  to  avoid  daaaging  it 
when  the  ventilation  shaft  was  subsequently  used  by  Ohbayashi  as 
a  tenporary  pea  gravel  hopper.  At  the  ground  surface,  the  cable 
was  routed  through  conduit  to  a  tersinal  box  located  in  the  sace 
recessed  valve  box  previously  described  for  the  Station  158■^47 
six-position  borehole  extensooeter. 

3.2.3  Total  Pressure  Cells.  Figure  **  shows  a  typical  total 
pressure  cell  installation  on  a  precast  concrete  liner  segnent. 
The  total  pressure  cells  were  epoxied  in  block-outs  cast  in  the 
outer  surface  of  the  segments  for  that  purpose. 

At  each  instrumentation  station,  the  electrical  read-out  cables 
from  the  pressure  cells  were  routed  around  the  outside  of  the 
segment  ring  to  the  crown  of  the  tunnel  where  they  were  spliced 
to  the  same  multi-pair  junction  cable  as  the  rock  bolt  load 
cell.  The  terminal  box  for  the  total  pressure  cells  installed 
at  Station  143+00  was  temporarily  located  in  the  lockable 
utility  shed  placed  on  the  project  site  for  that  purpose,  and 
the  Germinal  box  for  the  total  pressure  cells  installed  at 
Station  158+47  was  located  in  the  same  enclosure  as  the  terminal 
box  for  the  six-position  borehole  extensometer . 

3.2.4  Reinforced  Concrete  Strain  Meters.  Figure  **  shews  a 
typical  reinforced  concrete  strain  meter  installation  in  a 
precast  concrete  liner  segment.  The  reinforced  concrete  strain 
meters  were  embedded  in  the  precast  segments  when  the  segments 
were  manufactured. 
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At  each  instriJsentation  station,  the  electrical  read-out  cables 
froa  the  strain  aeters  were  routed  around  the  outside  of  the 
segaent  ring  in  the  sense  Banner  as  the  total  pressure  cells,  and 
spliced  to  the  saae  junction  ceible  as  the  rock  bolt  load  cell 
and  the  pressure  cell  cables.  -Hie  terminal  boxes  for  the 
reinforced  concrete  strain  aeters  are  the  saae  as  for  the  total 
pressure  cells.  The  tenainal  boxes  have  labeled  switches  for 
the  different  types  of  instrumentation,  so  future  aonitoring  is 
not  expected  to  be  problenatical. 

3.2,5  Converoenee  Reference  Points.  Figure  **  shows  a  typical 
convergence  reference  point  installation  in  the  SPCT.  The 
reference  points  were  not  installed  in  the  tunnel  crown  or 
invert  because  the  presence  of  the  ventilation  duct  in  the  roof 
and  the  Buck  train  tracks  in  the  invert  made  it  impossible  to 
access  the  points  for  monitoring  and  maintenance.  A  2-part 
resin  grout  was  used  to  anchor  the  reference  points  in  hole= 
drilled  in  the  precast  concrete  liner  segment  for  that  purpose. 

It  was  not  possible  to  make  the  tape  extensometer  measurements 
within  about  400  ft  of  the  TBK  cutter  head  because  the  tunnel 
section  was  blocked  with  the  TBM  trailing  gear  and  transformer 
jumbo.  After  the  TBM  equipment  had  passed  the  station,  access 
to  the  convergence  points  was  only  available  with  a  "man-lift", 
use  of  which  blocked  passage  of  the  muck  trains. 

3.2.6  Surface  Displacement  Markers.  Figure  **  shows  the 
locations  of  the  surface  displacement  markers  installed  along 
the  SPCT  alignment.  The  marker  rods  were  hammered  into  place 
with  a  sledge.  Surveys  of  the  marker  elevations  were  made  when 
the  markers  were  accessible;  however,  because  the  markers  were 
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located  in  one  of  Ohbayashi's  storage  areas,  they  were 
frequently  covered  with  stored  equipment  or  materials,  and 
hence,  were  inaccessible. 

3.2.7  Borameope  obaervatione  Figure  **  shows 

the  locations  and  orientations  of  the  boreholes  drilled  at  COE- 
specified  stations  for  the  borescope  observations  and 
measurements.  As  indicated  in  the  project  plans  and 
specifications,  it  was  intended  that  the  boreholes  be  drilled 
radially.  However,  the  configuration  of  the  TBM  machinery  did 
not  accommodate  a  radial  drill  rig  set-up  in  the  tunnel  at  every 
boring  location.  The  drill  rig  was  mounted  on  the  erector  ring 
of  the  TBM. 

Each  boring  was  observed  with  four  passes  of  the  borescope,  each 
pass  being  offset  from  the  previous  by  90  degrees.  If  a 
fracture  was  observed  during  any  of  the  passes,  its  location  in 
the  boring  was  noted,  its  aperture  was  measured,  and  it  was 
photographed.  Appendix  C  contains  the  records  of  the  borescope 
observations  and  measurements.  It  is  noted  that  the  borescope 
observations  and  measurements  were  made  at  only  one  time  for 
each  instrumentation  station. 


4.0  INSTROHENTATIOH  DATA 

4.1  Monitoring  Program 

Duriiiy  construction  of  the  SPCT  and  outlet  shaft,  an  automatic 
data  acquisition  system  (ADAS)  was  utilized  to  obtain  electronic 
instrumentation  data  on  a  daily  basis.  However,  the  data  were 
only  reported  to  Ohbayashi  and  the  COE  when  there  were 
significant  changes,  but  at  least  once  a  month.  The  data 
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reports  consisted  of  tabulations  of  the  raw  and  reduced  data, 
and  plots  of  the  reduced  data  versus  tine  elapsed  since 
instruaentation  installation.  In  general,  data  reports  were 
subnitted  daily  for  14  to  28  days  following  installation,  weekly 
for  the  next  28  days,  and  nonthly  thereafter  through  November 
1989. 

The  instrumentation  that  was  not  monitored  with  the  ADAS 
included  certain  three-position  borehole  extensometers  in  the 
outlet  shaft  that  had  become  electronically  non-functional  (see 
Table  2),  the  convergence  reference  points  in  the  tunnel,  and 
the  displacement  markers.  When  accessible,  these  instruments 
were  monitored  on  a  daily  basis  for  14  to  28  days  following 
installation,  weekly  for  the  next  28  days,  and  monthly 
thereafter  through  November  1989. 

Appendix  D  contains  reports  of  the  raw  and  reduced  data  obtained 
from  the  SPCT  and  outlet  shaft  instrumentation,  and  Appendix  E 
contains  plots  of  the  reduced  data  vs.  elapsed  time  since 
instrument  installation.  It  is  noted  that  some  of  the  data 
presented  in  Appendices  D  and  E  have  been  edited  to  eliminate 
anomalous  data  from  the  data  records,  and  hence,  the  records  may 
differ  from  reports  that  have  been  previously  submitted. 


4 . 2  HnmTmirY  of  Data 

The  following  paragraphs  contain  brief  summaries  of  the  SPCT  and 
outlet  shaft  instrumentation  data.  The  data  are  summarized  on 
the  basis  of  shaft  elevation  or  tunnel  station.  Because  the 
different  types  of  instruments  were  designed  for  monitoring 
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different  ground  behavior  parameters,  the  data  summaries,  and 
subsequent  data  interpretations  (Section  5,0)  focus  on  the 
trends  of  the  data  rather  than  on  the  actual  data  values. 


4.2.1  Outlet  Shaft. 


(a)  Elevation  604.  The  rock  mass  at  approximate  elevation  604 
at  the  outlet  shaft  site  was  identified  by  the  COE  as  weathered 
Taylor  Shale.  It  had  a  soft  consistency,  and  was  damp  to  the 
touch . 

Data  from  the  borehole  extensometers  installed  at  approximate 
elevation  604  showed  the  somewhat  unusual  trend  of  initially 
increasing  in  value  (indicating  extension  of  the  instrument 
rods,  or  closure  of  the  shaft  section) ,  then  decreasing  for  a 
net  reading  on  the  order  of  +/"0-01  inch.  The  maximum  extension 
measured  by  the  elevation  604  extensometers  was  +/“0.05  inch. 

(b)  Elevation  596,  The  rock  mass  at  approximate  elevation  596 
was  identified  by  the  COE  as  unweathered  Taylor  Shale  bedrock. 

In  the  SPCT  outlet  shaft,  it  was  logged  as  being  primarily  soft 
to  moderately  soft,  with  some  limy  zones. 

As  with  the  extensometers  installed  at  approximate  elevation 
604,  data  from  the  rock  bolt  load  cells  installed  at  approximate 
elevation  596  showed  the  unusual  trend  of  initially  increasing 
in  value  (indicating  tensile  loading  of  the  bolt),  then 
decreasing.  However,  data  from  the  load  cells  installed  at 
positions  1,  2,  and  4  indicated  subsequent  reloading  of  the 
bolts.  At  the  time  of  the  last  reading,  the  tensile  loads 
acting  on  the  position  2  and  4  bolts  were  continuing  to  increase 
with  time,  although  at  a  decreasing  rate. 
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The  maximum  loads  measured  by  the  rock  bolt  load  cells  installed 
at  approximate  elevation  596  were  as  follows: 


Total  Load 

Position  (klDS  tension) 


Data  of 
Reading 


1 

2 

3 

4 


2.1 

21 

Nov. 

1989 

4.6 

24 

Aug. 

1990 

0.4 

24 

Aug. 

1990 

3.8 

24 

Aug. 

1990 

(c)  Elevation  575.  The  majority  of  the  displacements  measured 
by  the  borehole  extensometers  installed  at  approximate  elevation 
575  occurred  over  a  relatively  short  period  of  time,  20  to  30 
days,  followed  by  relatively  minor  to  negligible  additional 
displacements  occurring  over  a  long-term  period.;  The  maximum 
displacements  measured  by  the  borehole  extensometers  installed 
at  approximate  elevation  575  were  as  follows: 


Max. 

displacement 

Position  (inches  extension) 


Date  of 
Reading 


A 

B 

C 

D 


0.086 

24 

Oct. 

1989 

0.102 

24 

Aug. 

1990 

0.104 

24 

Aug. 

1990 

0.098 

24 

Aug. 

1990 

The  trend  of  the  elevation  575  rock  bolt  load  cell  data  was 
similar  to  the  trend  of  the  elevation  575  extensometer  data, 
namely,  the  majority  of  the  measured  load  development  occurred 
over  a  relatively  short  period  of  time,  20  to  30  days,  followed 
by  relatively  minor  additional  load  development  occurring  over  a 
long-t"rm  period.  As  of  the  last  reading  of  the  load  cell  data, 
it  appeared  that  the  tensile  loads  were  continuing  to  develop  on 
all  four  bolts.  The  maximum  measured  loads  were  as  follows: 
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Total  Load 
tips  tansloB 


Date  of 
Reading 


1 

3.2 

24 

Aug.  1990 

2 

3.0 

24 

Aug.  1990 

3 

3.9 

24 

Aug.  1990 

4 

2.7 

24 

Aug.  1990 

(d)  Elevation  550.  The  trend  of  the  data  from  the  borehole 
extensometers  Installed  at  approximate  elevation  550  was 
generally  the  sane  as  the  trend  observed  for  the  elevation  575 
extensometer  data.  It  is  noted  that  the  elevation  550 
extensometer  located  at  position  A  had  been  monitored  manually. 
Therefore,  there  was  more  variation  between  consecutive  data 
values  than  was  observed  for  the  extensometer  data  obtained 
electronically . 


The  maximum  displacements  measured  by  the  borehole  extensometers 
installed  at  approximate  elevation  550  were  as  follows: 


Max. 

Displacement 

Position  (inches  extension) 


Date  of 
Reading 


A 

B 

C 

D 


0.092 

0.084 

0.063 

0.064 


12  Oct.:  1989 
21  Nov.  1989 
24  Aug.  1990 
24  Aug.  1990 


The  trend  of  the  data  from  three  of  the  elevation  550  rock  bolt 
load  cells  was  similar  to  the  trend  observed  for  the  elevation 
575  load  cells,  with  the  exception  that  tensile  load  development 
appears  to  be  continuing  only  for  the  position  3  bolt.  The  bolt 
at  position  1  was  disturbed  by  construction  activities,  and 
appeared  to  develop  a  compressive  loading  that  the  load  cell 
installation  was  not  designed  to  monitor. 
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The  maximum  bolt  loads  measured  by  the  elevation  550  rock  bolt 
load  cells  were  as  follows: 


Total  Load  Data  of 

position  (klos  tanslonl  Reading 

1  Disturbed  24  Aug.  1990 

2  2.9  24  Aug.  1990 

3  4.7  24  Aug.  1990 

4  3.0  24  Aug.  1990 


4.1.2  Instrumentation  Station  1434-75 . 

(a)  Six-Position  Borehole  Extensometer.  Data  from  the  six- 
position  borehole  extensometer  installed  at  approximate  Station 
143+75  indicate  that  significant  ground  movements  above  the 
crown  of  the  tunnel  did  not  occur  in  response  to  the  tunnel 
excavation  until  the  TBM  was  directly  below  the  instrument 
installation.  Ground  movements  apparently  continued  to  occur 
for  the  next  approximately  50  days,  at  which  time  the  TBM  had 
advanced  443  feet  beyond  the  instrument  installation,  which 
approximately  coincides  with  the  time  at  which  Ohbayashi  began 
placing  pea  gravel  and  grout  in  the  annular  space  between  the 
precast  concrete  liner  segments  and  the  surrounding  rock  mass.- 

Data  from  the  six-position  borehole  extensometer  installed  at 
approximate  Station  143+75  were  anomalous  in  that  the  shallower 
anchors  2,  3,  and  4  showed  greater  movements  than  the  deeper 
anchor  5.  Furthermore,  gross  movement  of  anchor  0  did  not  occur 
until  the  TBM  had  advanced  443  feet  beyond  the  instrument 
installation. 
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Maxiiaun  relative  movements  measured  by  the  six  anchors  of  the 
borehole  extensometer  installed  at  approximate  Station  143+75 
were  as  follows: 


Max. 

Rel.  Movement 

anchor  (inches  extenalonl 


1 

2 

3 

4 

5 

6 


0.0 

0.081 

0.105 

0.137 

0.029 

0.555 


(b)  Surface  Displacement  Markers.  Survey  data  for  the  surface 
displacement  markers  installed  in  the  vicinity  of  Station  143+75 
indicate  ground  surface  movements  ranging  from  about  0.028  inch 
"heave"  to  0.040  inch  "subsidence",  with  no  apparent  consistent 
trend  and  with  no  apparent  relationship  to  tunneling  operations. 


(c)  Rock  Bolt  Load  Cell.  Data  from  the  rock  bolt  load  cell 
installed  at  approximate  Station  143+75  showed  a  reduction  in 
load  below  the  approximate  1-ton  tensile  pre-load.-  The  most 
feasible  explanation  for  these  data  are- that  the  bolt  anchor 
failed  immediately  upon  instrumentation  installation  (if  not 
sooner) . 


(d)  Total  Pressure  Cells  and  Reinforced  Concrete  Strain  Meters. 
The  total  pressure  cells  and  reinforced  concrete  strain  meters 
installed  at  approximate  Station  143+75  had  erratic  readings 
until  the  annular  space  between  the  precast  concrete  liner 
segments  and  the  surrounding  rock  mass  was  filled  with  pea 
gravel  and  the  invert  was  grouted.  After  that  time,  the  data 
indicate  nearly  symmetrical  stress  development  in  the  arch 
segments  of  the  tunnel  lining.  Furthermore,  the  trends  of 
stress  development  appear  nearly  identical  as  measured  by  the 
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total  pressure  cells  and  the  reinforced  concrete  strain  meters, 
namely  initially  increasing  to  a  maximum  value,  then  decreasing. 
The  maximum  total  pressure  cell  measurements  were  on  the  order 
of  40  to  60  psi,  and  the  maximum  reinforced  concrete  strain 
meter  measurements  were  on  the  order  of  3200  psi. 

(•)  Convergence  Reference  Points.  The  convergence  reference 
points  installed  at  approximate  Station  143+75  were  not 
monitored  until  the  TBM  cutter  head  had  advanced  approximately 
1000  feet  (in  76  days)  beyond  the  instrumentation  station. 
Nonetheless,  the  convergence  measurements  indicate  that  the 
precast  concrete  segmental  tunnel  lining  deformed  from  circular, 
with  the  diameter  at  the  springline  increasing  in  length,  and 
the  diameters  at  the  quarter-points  decreasing  in  length.:  The 
maximum  measured  increase  of  the  springline  diameter  was  0.21 
inch,  and  the  maximum  measured  decrease  of  the  quarter-point 
diameter  was  0.07  inch. 

(f)  Borescopa  Observations  and  Heasurements.  Very  few 
fractures  were  observed  with  the  borescope  at  Station  143+75, 
and  all  of  the  fracture  observations  were  in  borings  located 
above  the  springline  of  the  tunnel.  The  general  orientation  of 
the  fractures  appeared  to  be  horizontal,  and  along  bedding 
planes  of  the  Taylor  Shale.,  The  observed  apertures  ranged  from 
0.02  inch  to  1.6  inches  wide  (see  Appendix  C) . 


4.1.3  Instrumentation  Station  158+47. 

(a)  Six-Position  Borehole  Extensometer.  As  at  Station  143-t75, 
data  from  the  six-position  borehole  extensometer  installed  at 
approximate  Station  158+47  indicate  that  significant  ground 
movements  above  the  crown  of  the  tunnel  did  not  occur  in 
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response  to  the  tunnel  excavation  until  the  TBM  was  directly 
below  the  instrument  installation.  Ground  movements  apparently 
continued  to  occur  for  the  next  approximately  14  days,  at  which 
time  the  TBM  had  advanced  43  feet  beyond  the  instrument 
installation,  which  approximately  coincides  with  the  time  at 
which  Ohbayashi  began  placing  pea  gravel  in  the  annular  space 
between  the  precast  concrete  liner  segments  and  the  surrounding 
rock  mass. 

Data  from  the  six-position  borehole  extensometer  installed  at 
approximate  Station  158+47  were  anomalous  in  that  the  shallower 
anchors  3,  4  and  5  showed  greater  movements  than  the  deeper 
anchor  6. 

Maximum  relative  movements  measured  by  the  six  anchors  of  the 
borehole  extensometer  installed  at  approximate  Station  158+47 
were  as  follows: 


Max. 

Rel.  Movement 

Mnchor  finches  extension) 


1 

2 

3 

4 

5 

6 


0.0 

0.054 

0.098 

0.089 

0.153 

0.086 


(b)  Rock  Bolt  Load  Cell.  As  with  the  rock  bolt  load  cell 
installed  at  approximate  Station  143+75,  data  from  the  rock  bolt 
load  cell  installed  at  approximate  Station  158+47  showed  a 
reduction  in  load  below  the  approximate  1-ton  tensile  pre-load.. 
The  most  feasible  explanation  fcr  these  data  are  that  the  bolt 
anchor  failed  immediately  upon  instrumentation  installation  (if 
not  sooner) . 
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<c)  Totsl  Fraaaura  Calls  aad  Reinforced  Concrete  Strain  Meters. 
The  total  pressure  cells  and  reinforced  concrete  strain  meters 
installed  at  approximate  Station  158+47  had  erratic  readings 
until  the  annular  space  between  the  precast  concrete  liner 
segments  and  the  surrounding  rock  mass  was  filled  with  pea 
gravel  and  the  invert  was  grouted.  After  that  time,  the 
reinforced  concrete  strain  meter  data  indicate  nearly 
symmetrical  stress  development  in  the  arch  segments  of  the 
tunnel  lining.  Furthermore,  the  trends  of  stress  development 
appear  nearly  identical  as  measured  by  the  total  pressure  cells 
and  the  reinforced  concrete  strain  meters. 

The  maximum  total  pressure  cell  measurement  was  113  psi,  and  the 
maximum  reinforced  concrete  strain  meter  measurements  were  on 
the  order  of  4500  psi. 

(d)  Convergence  Reference  Points.  The  convergence  reference 
points  installed  at  approximate  Station  158+47  were  not 
monitored  until  the  TBM  cutter  head  had  advanced  approximately 
400  feet  (in  20  days)  beyond  the  instrumentation  station.  The 
convergence  measurements  indicate  that  the  diameter  of  the 
precast  concrete  segmental  tunnel  lining  increased  at  the 
springline  and  at  the  quarter-points.  The  maximum  measured 
increase  of  the  springline  diameter  was  0.13  inch,  and  the 
maximum  measured  increases  of  the  quarter-point  diameters  were 
0.04  inch  and  0.12  inch. 

(e)  Borescope  Observations  and  Measurements.  Very  few 
fractures  were  observed  with  the  borescope  at  approximate 
Station  158+47,  and  all  of  the  fracture  observations  except  two 
were  in  borings  located  above  the  springline  of  the  tunnel.  The 
general  orientation  of  the  fractures  appeared  to  be  horizontal, 
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and  along  the  bedding  planes  of  the  Taylor  Shale.  The  observed 
apertures  ranged  from  0.025  inch  to  1.5  inches  wide  (see 
Appendix  C) . 


5.0  IHTERPRETIVE  GROOMD  PERFORMAMGE 

In  general,  as  of  the  dates  of  the  latest  instrumentation 
readings,  the  instrumentation  data  have  not  indicated  the 
development  of  any  alarming  trends  in  rock  mass  behavior  that 
would  threaten  the  integrity  of  the  constructed  San  Pedro  Creek 
Tunnel  and  outlet  shaft.  However,  it  is  noted  that  some  of  the 
instrumentation  data  continue  to  show  increasin  deformations, 
loads,  and  stresses.  It  is  anticipated  that  the  rock  mass 
surrounding  the  tunnel  and  shaft  may  undergo  swelling 
deformation  when  exposed  to  water  seeping  through  the  lining 
during  system  operation,  and  thereby  causee  additional 
deformation  or  stress  development  in  the  tunnel  and  shaft 
linings. 

The  following  specific  conclusions  are  made  relative  to  the 
behavior  of  the  ground  during  excavation  of  the  SPCT  and  outlet 
shaft,  as  indicated  by  the  instrumentation  data: 

o  The  initial  peaking  and  subsequent  decrease  of  deformations 
and  load  development  measured  by  the  extensometers  and  rock 
bolt  load  cells  installed  at  approximate  elevations  604  and 
596,  respectively,  in  the  outlet  shaft  may  be  accounted  for 
by  one,  or  a  combination,  of  the  following  scenarios:  1) 
desiccation  and  shrinkage  of  the  rock  mass  on  which  the 
.tensometer  heads  and  the  load  cell  bearing  plates  are 
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bearing;  2)  the  rock  mass  surrounding  the  grouted  anchors 
of  these  instruments  has  undergone  creep  at  the  depth  of 
the  instrumentation  anchors,  or  the  anchors  have  failed; 
and/or  3)  a  transfer  of  rock  loads  to  the  shotcrete  lining 
of  the  shaft.  In  the  case  of  potential  scenarios  (1)  and 
(2),  the  distance  between  the  anchors  and  the  extensometer 
head  or  the  load  cell  would  decrease,  and  the 
instrumentation  measurements  would  decrease.  In  the  case 
of  potential  scenario  (3),  the  later  increase  in  loads 
developing  in  the  rock  bolts  may  then  be  indicating  that 
the  shotcrete  lining  became  loaded  and  began  acting  as  a 
compression  ring.  Data  from  strain  gages  installed  per 
Ohbayashi  on  one  ring  beam  in  the  shaft  excavation  indicate 
that  most  stress  development  in  the  beam  occurred  within 
120  days  of  placement  of  the  beam. 

o  The  instrumented  rook  bolt  installations  are  not  compatible 
with  either  the  shaft  construction  support  system  or  the 
tunnel  lining  system.  Therefore,  the  stresses  calculated 
as  being  either  bolt  stresses  or  rock  mass  stresses  are  not 
considered  to  be  representative  of  the  stresses  developing 
in  the  shaft  and  tunnel  linings.  However,  the  trend  of  the 
stress  development  in  the  bolts  may  be  indicative  of  the 
development  of  stresses  in  the  linings;  that  is,  the 
ongoing  bolt  stress  development  being  measured  by  10  of  the 
12  rock  bolt  load  cell  installations  in  the  shaft  may 
indicate  continuing  stress  development  in  the  shaft  lining. 

o  The  three-position  borehole  extensometer  measurements  in 
the  shaft  appear  to  indicate  that  rock  mass  deformations 
are  relatively  uniform  in  a  two-dimensional  horizontal 
plane  at  a  give  elevation.  At  the  time  of  this  writing, 
the  maximum  decrease  in  shaft  diameter  indicated  by  the 
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extensoaeter  aeasureaents  is  on  the  order  of  0.15  to  0.2 
inch.  However,  six  of  the  12  extensoaeter  installations 
indicate  that  shaft  rock  wall  aovexents  are  continuing  to 
occur,  which  trend  is  consistent  with  the  trend  of  the  data 
frca  some  of  the  rock  bolt  load  cell  installations  in  the 
shaft. 

o  Data  rrom  the  rea  .orced  concrete  strain  meters  installed 
at  approximate  Stations  143+75  and  158+47  in  the  tunnel 
indicate  a  relatively  uniform  pressure  developing  in  the 
arch  segments  of  the  tunnel  lining  at  t  ;se  stations  on  the 
order  of  25  psi.  Data  from  the  total  pressure  cells 
installed  at  the  same  stations  indicate  relatively  uniform 
pressures  developing  in  the  arch  segments  ofon  the  tunnel 
lining  on  the  order  of  15  psi  and  40  psi,  respectively. 

o  There  appears  to  be  a  good  correlation  between  the  trends 
of  lining  stress  development  as  indicated  by  the  total 
pressure  cell  and  the  reinforced  concrete  strain  meter 
measurements  at  approximate  Station  143+75  and  Station 
158+47.  However,  during  the  course  of  construction,  the 
magnitudes  of  the  stresses  indicated  by  the  total  pressure 
cell  measurements  indicated  significantly  greater  radial 
pressure  on  the  tunnel  lining  than  did  the  reinforced 
concrete  strain  meter  measurements.  This  difference  may 
reflect  the  greater  sensitivity  of  the  total  pressure  cell 
measurements  to  relatively  localised  tunnel  lining 
deformations  than  the  reinforced  conc'-ete  strain  gage 
measurements.  Such  localized  tunnel  lining  deformations 
could  have  been  caused  by  the  loads  of  the  mining  equipment 
operating  inside  the  tunnel  and/or  differential  confinement 
of  the  liner  segments  by  the  in  situ  rock  and/or  the  pea 
gravel  and  grout  backfill. 
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o  A  coaparison  of  data  froa  the  six-position  borehole 

extensoaeters  installed  at  approximate  Stations  143+75  and 
158+47  along  the  tunnel  alignaent  with  survey  data  fros  the 
surface  displaceaent  markers  installed  between  Stations 
143+00  and  145+00  indicates  that  rock  mass  settleaents 
above  the  tunnel  excavation  attenuate  with  distance  above 
the  excavation  to  become  practically  negligible  at  the 
ground  surface.  It  is  considered  that  the  survey  data  from 
the  surface  displacement  markers  are  related  to  surface 
activities  in  Ohbayashi's  storage  area,  for  which  there  are 
no  accurate  records,  and/or  apparent  shrink  and  swell 
activity  of  the  overburden  soils  in  the  vicinity  of  Station 
143+75.  These  effects  appear  to  be  sufficient  to  mask 
excavation-induced  ground  surface  settlements. 

o  There  does  not  appear  to  be  a  correlation  between  the 
borescope  observations  of  fracture  frequency  and 
orientation  and  other  instrumentation  data  or  obser'/ed  rock 
mass  behavior.  The  relatively  few  fractures  observed  with 
the  borescope  in  the  vicinity  of  Stations  143+75  and  158+47 
of  the  tunnel  would  indicate  that  less  rock  mass  movement 
should  be  anticipated  above  the  tunnel  excavation  than  was 
actually  measured  by  the  six-position  borehole 
extensometers  installed  to  within  3  ft  of  the  tunnel  crown. 
This  finding  may  be  due  to  the  relatively  short  period  of 
time  from  tunnel  advance  to  borescope  observations  compared 
to  the  months-long  period  of  time  over  which  the 
extensometer  data  were  obtained.  Furthermore,  the 
borescope  observations  were  made  through  the  shield  of  the 
TBM  whereas  most  of  the  ground  movements  measured  by  the 
extensometers  occurred  after  the  shield  had  been  advanced 
beyond  the  inst'-umentation  station. 
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26  Hay  '88 

27  June  '36 

16  Aug.  '88 

20  Sep.  '88 

21  Oct.  '88 

7  Feb.  '89 

8  June  '89 

25  '89 

21  Nw.  '89 

8-11  Apr.  '88 

1 

14  dpr.  '88 
SOdlir.  '88 

8  Aim  '86 

26  Kay  '88 

27  June  '88 

16  ftjg*  '89 

20  Sep.  '38 

2!  Oct.  '88 

7  Feb,  '89 

8  June  '89 
251^.  '89 

2!  and  30  Nov.  '89 

Pos.  A  exien- 
soaeter  ast  be 
read  aanially 

6  Kay  '88 

83ltoy  '86 
»!(•»  '88 

8  Jum  '86 

26  Kay  '88 

16  Juno  '88 

27  June  '88 

16  Aug.  '88 

20  Sep.  '88 

21  Oct.  '88 

7  feb.  '89 

8  Jum  'S^ 

25  tag.  '89 

24  Oct.  '89  and 

21  Nov.  '89 

Pos,  A  rcten- 
soeeter  wst  be 
read  Mnually 
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TABLE  2 

San  Antonio  Rivar  and  San  Pedro  Creek  Tunnels  Project 
SEOTECHNICAL  INSTRUREMTATIOB  INSTALLED  IN  SAN  PEDRO  CREEK  TUNNEL 


ll6TIIIBfrATiai 

STAn« 

(apprw.) 

tl6?IIIENT 

OUWnnES  1  TYPES  i 

piE-iierMiATin 

9«an«.(S) 

:  liSTMJLAnat 
SATE 

:  IKTAUATin 
ienris) 

f  KlfUWT 
:  DATAievns 

SBU-flWL 
FEADD6 
(see  note  2) 

iNsnueiT 
:  STATUS 

!  (see  note  3) 

iT 

S 

WTtS  “ 

St«.  143f75 

*  1  *  6  posa  bantali 

SDk.  'S7 

13  July  '88 

4  teg.  81 

21  Dec.  '88 

21  Nov.  '89 

8“ 

exUnsoKtv- 

SPeba  '88 

21  Feb.  '89 

1.  '.g 

6  hn  '88 

8  June  '89 

S  July  '88 

25  teg.  '89 

•  18  m  i 

18  flay  '88 

9  teg.  'Set?) 

11  teg.  '81 

21  Dec.  'SB 

10  Jan.  '90 

8  urkers  have 

Mrkrs  ^ 

21  Fte.  '89 

been  disturbed  or 

2  Aug.  '89 

destroiffd 

2.  ' 

A 

•  1  -  rock  bolt  load 

13  Ray  '88 

30  Dk.  '98 

7  F*.  '89 

21  Feb.  '89 

21  tev.  '89  and 

Pbs.  B  strain 

K 

CfU|  3  -  total  prns' 

8  Juno  '88 

15  flr.  '89 

9  Jan.  '90 

leter  cannot  be 

urt  atU;  3  *  rcirtf. 

i  July  '88 

12  Apr.  '89 

read 

s 

concrtto  ftrun  ar 

8*iga  '88 

8  Jim  '89 

!8 

tin;  8  cawtrgwKt 

25  Aug.  '89 

points 

<  tertsusw  obsor* 

2Au|.  '88 

Jan.*feb.  '83 

9  Fib.  '89  and 

Not  applicable 

Not  applicable 

Itot  applicable 

8 

vat ions 

12  Oct.  '88 

23  Nr.  '89 

38 

Sti.  1SM7 

*  1  -  b  pos.  bonholc 

S  Feb.  '38 

18  July  '88 

4  teg.  '88 

2b  Apr.  '89 

21  tev.  '89 

n 

ertmnutcr 

b  Jm  '88 

8  June  '89 

r 

S  July  *88 

25  '89 

8 

■  1  -  rock  bolt  load 

13  flay  '88 

21-27  flar.  '89 

14  ter.  '89 

2b  ter.  '89 

21  tev.  '89  ate 

Pds.  a  press,  cell 

3 

ciU;  3  ■*  total  press' 

2  June  '88 

8  Jure  '89 

9  Jan.  '90 

cannot  be  read 

8 

uro  ctlls;  3  '  reinf* 

8  June  '83 

25  teg.  '89 

8 

concriti  strain  wf 

e  July  '88 

8 

trs;  6  convirqnte 

12  July  '88 

88 

points 

3  (big.  '88 

8 

1  lorescope  obser¬ 

2  Aug.  '88 

Rar.  '89 

14  Apr.  '89 

Not  applicable 

Not  applicable 

Not  applicable 

8 

vations 

12  Oct.  '88 

38 

TABLE  2 

San  Antonio  Rlvor  and  San  Pedro  Creek  Tunnels  Project 
GEOTECHNICAL  INSTSUNENTATION  INSTALLED  IN  SAN  PEDBO  CREEX  TUNNEL 


iTIW 

S) 

{  ISTAUAnW 
MTE 

i  UBTMIATin 

1  IBHRTtS) 

1  RELfVMfT  1 
!  DATA  REPORTS  1 

SBU-Fm 
REWItt 
ten  note  2) 

1  ISTTUeir 

1  STATUS 

:  ($ee  note  3) 

87 

13  July  'S 

4Mi9.  81 

£1  Ok.  '26 

2ilbv.  '89 

£1  F4.  'S 

!« 

8  June  '« 

£5Mig.  '89 

''8 

9  Au9.  '26m 

11  fuq.  '« 

21  Ok.  'S 

10  Jan.  '90 

8  earkere  have 

£1  Feb.  'S 

been  disturbed  or 

1 

2Mig.  '26 

deslroycd 

‘a 

30  0k.  '26 

7  Feb.  '89 

21  Feb.  '89 

21  Nm.  '89  and 

nos.  B  strain 

•8 

IS  Nr.  '26 

9  Jan.  '90 

eetr  cannot  be 

8 

12  Apr.  '26 

read 

8 

8  Juw  '89 

25  Aug.  '89 

8 

Jan.-Fib,  '89 

9  Feb.  '89  and 

Not  applicable 

Nit  applicable 

itot  applicable 

88 

£3  Hr.  '89 

,8 

16  July  'S 

4  Aug.  'S 

£6  Apr.  '89 

21  fbv.  '89 

8 

8  Juw  '89 

8 

£5  Aug.  '89 

8 

£1*5?  Bar.  '89 

14  '89 

£8  Apr.  '89 

21  Nov.  '89  and 

Pos.  A  press,  cell 

8 

8  Juw  '89 

9  Jan.  '90 

cannot  be  read 

8 

25  Mq.  '89 

8 


X 


lOTESt 

1.  'HUM.*  KttINB  HOI  K  TMN 

niR  ID  newiTiR  of  fim. 

9N  KM  OBK  lUMEL  MD  OUnn 
MR  DcnunTAnn  kkrt, 
PQBDBMULMLE  MSS. 

2.  'ISmiCNT  STAIIB'  IS  tffllCAHi 
S  (F  DC  MTE  OF  U£  ZM-flNIl 
REMDDCB. 


8 


3 


Kar.  '89 


14  Apr.  '89  Not  apphcable 


ttot  applicable 


Not  applicable 


TABt.e..3 

San  kntonio  Rlvar  and  San  Padro  Craak  Tunnala  Projact 


GEOTECHNICAL  INSTRUHENTATION  INSTALLED 
IN  SAN  PEDRO  CREEK  TUNNEL  AND  OUTLET  SHAFT 


INSTBUeiTATION 

TYPE 

INSmtlOfT 

1  Nooa 

:  (see  note  1) 

1  INSTRICNT 

1  BUMTS.  1  LO'ATIDNS 

i  (see  note  E) 

1  NOTES 

'RirK-pasition 

BoriNole  Extensawttr 

A-3-1500 

Outlet  Shaft: 
e  4  at  Elev.  604 
a  4  at  Elev.  575 
i  4  at  Elev.  550 

Hay  be  read  elec¬ 
tronically  or 
tanually 

Roclt  ftilt  Uud  Cell 

4900-50-1.0 

Outlet  Shaft: 
a  4  at  Elev.  596 
a  4  at  Elev.  575 
a  4  at  Elev.  550 

Load  cell  has 

50-ton  capacity 

Tunnel: 

a  1  at  Sta.  I4Sa75 
a  1  at  Sta.  15Be47 

Six-Positioit 

Borehole  Extenuieter 

(k-3-1500 

Tunnel: 

a  I  at  Sta.  143+75 
a  1  at  Sta.  158+47 

Nay  be  read  elec¬ 
tronically  or 
lanually 

Total  Pressure  Cell 

4800E 

Tuimel: 

a  3  at  Sta.  143+75 
a  3  at  Sta.  15B+47 

Pos.  A  cell  cannot 
be  read 

ReinTorced  Concrete 
Strain  Netr 

4911  Sister  Bar 

Tunnel: 

a  3  at  Sta.  143+75 

a  3  at  Sta.  158H7 

Pos.  B  aeter  cannot 
be  read 

Convergence  Reterence 
Points 

Points!  N/A 

Tape  Extensoeeter: 

lMO-1 

Tunnel: 

a  8  at  Sta.  143+75 

Invrt  point  has 
been  destroyed 

a  6  at  Sta.  158+47 

Cram  and  invert 
points  aere  not 
installed 

Cisplaceeent  Narkers 

N/A 

18  betacen  Tunnel 
Stations  143*00  and 
145*00 

3  larkers  have  been 
disturbed  or 
destroyed 

Borescope 

Instrueent  Tech¬ 
nology,  Inc.  lodel 
12E500  lextenO- 
ahlel 

7  boreholes  x  3  ft .  long 
at  Tunnel  Stations 

143*63,  143+71,  143+79, 
143+87,  143+95,  158*39, 
158*47,  and  158*55 

NOTES! 

1.  AU  II67H1ENTS  NEHE  NttlfOIO  BY,  M)  PlKWiSEl)  fEOI,  GEOKON,  !NC.,  EXCEPT 
Ttt  BORESWE.  (j.3g 

?.  LISTEB  EJiVATIOHS  fM)  STATIONS  ARE  APfROXIIVlTE. 


Wt>odwwtti>Ctyda  Cwmittaitte 


APPENDIX  A 


REPORTS  OF  RAW  AMD  REDUCED  INSTRUMENTATION  DATA 
(HOT  INCLUDED) 


DRAFT  FINAL  INSTRUMENTATION  REPORT  FOR  THE 
SAN  PEDRO  CREEK  TUNNEL  AND  OUTLET  SHAFT 

SAN  ANTONIO  RIVER  AND  SAN  PEDRO  CREEK  TUNNELS  PROJECT 
WCC  PROJECT  NO.  87H249C 


G-40 


APPaarz  b 


FLons  OF  gmtyFD  ixsfzevzsiatics  nm 


DRAFT  FINAL  INSTROKENXATION  REPORT  FOR  THE 
SAN  PEDRO  CREEK  TDHNEL  AND  ODTLET  SHAFT 

SAN  ANTONIO  RIVER  AND  SAN  PEDRO  CREEK  TDNNELS  PROJECT 
VCC  PROJECT  NO.  87H249C 


G-41 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL  OUTLET  SH 
3-POS.  BOREHOLE  EXT.  AT  EL  604,  P 
FINAL  READING:  11/30/89 


(Beqoul)  yoHONV  iS3d33a  IN3W3AOW 


G-44 


DAY  0:  ovoyss  ELAPSED  TIME  (days) 


0.25 SAN  ANTONIO  TUNNELS  PROJECT 

SAN  PEDRO  CREEK  TUNNEL  OUTLET  SHAFT 
3-POS.  BOREHOLE  EXT.  AT  EL  604,  POS. 
SEMI-FINAL  READING:  11/21/89 


o 


(ssqoui)  yOHONV  iS3d33a  iN3W3AOW 


G-45 


DAY  0:  03/03/88  ELAPSED  TIME  (doys) 


DAY  0:  03/18/8B 


DAY  0:  03/22/88 


o 

o 

CO 


(sd!>i)  ovoi  IViOi 


G-49 


DAY  0:  0V21/88  ELAPSED  TIME  (doys) 


o 


(sd!>|)  avoi  IViOi 


DAY  0:  03/18/88  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL  OUTLET  SHAFT 
3-POS.  BOREHOLE  EXT.  AT  EL.  575,  POS. 
RNAL  READING:  11/30/89 


(soHoui)  yoHONV  iS3d33a  P"  iN3W3A0IN 


G-51 


kY  0;  0V09/88  ELAPSED  TIME  (doys) 


DKf  0:  04/09/88  ELAPSED  TIME  (days) 


G-53 


DrtY  0;  04/09/88  ELAPSED  TIME  (days) 


UJ|^ 

^  — J  csi 


>  coupuTC  -nMa.  ukhc 


'  eOTTCU  OF  SHVT  EL  401 


(sd!>|)  QVOI  IViOi 


DAY  0;  UV02/80  ELAPSED  TIME  (doys) 


(sdi>))  avoi  nvioi 


G-56 


0  50  100  150  200  250  300  350  400  450  50C 

•:  04/11/88  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 

SAN  PEDRO  CREEK  TUNNEL  OUTLET  SHAFT 


DAY  0:  04/09/88  ELAPSED  TIME  (days) 


d  d  o  o  d  d 


(ssqoui)  yOHONV  iS3d33a  V*  1N3W3AOW 

G-59 


DAY  0:  05/06/88  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 

SAN  PEDRO  CREEK  TUNNEL  OUTLET  SHAFT 


DAY  0:  05/06/88  ELAPSED  TIME  (doys) 


(saqou!)  yoHONV  iS3d33a  IJM  iN3W3A0kN 


G-61 


DAY  0;  05/06/88  ELAPSED  TIME  (days) 


o 

o 

oo 


HH-  O) 
^ObJ\ 

§ujt<J 

D-Z 

Z t— 

Lj'”‘^c; 

?^UJZ 

5UJ_Jq 

piiJO< 

i-q;x2 

Oujq; 
Q  o; 
zoo-j 
oQ^od< 

ZZ^^S 
<<  I  U1 
(/)a)tO(/) 


dNNM 'QHMU  aiJkm)  • 


lit  lims  so  noiioe  • 


T  r 
*  { 


(saqouj)  yoHONV  iS3d33a  iN3W3A0IN 


DAY  0:  05/08/88  ELAPSED  TIME  (doys) 


ELAPSED 


SAN  ANTONIO  TUNNELS  PROJECT 

SAN  PEDRO  CREEK  TUNNEL  OUTLET  SHAFT 


DAY  0:  05/06/88  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL 
0.25 6-POS.  BOREHOLE  EXT.  AT  STA.  143H-75 
j  SEMI-FINAL  READING:  11/21/89 


r 


(s^^^ul)  I  yoHONV  iN3W3AOIN 


G-68 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL 
STA.  143+75  CONVERGENCE  MEASUREMENTS 
0.25  q  FINAL  READING:  01/09/90 


\ 


O 


(saqoui)  y3i3WVia  Nl  30NVH0 


G-69 


DAY  0:  03/07/89  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL 
ROCK  BOLT  LOAD  CELL  AT  STA.  143-1-75 
SEMI-FINAL  READING:  11/21/89 


O 


(SdlM)  QVOI  moi 


G-70 


o 


G-71 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL  STA.  143+75 
TOTAL  PRESSURE  LOAD  CELLS 
SEMI-FINAL  READING:  11/21/89 


2/30/B8 


SAN  PEDRO  CREEK  TUNNEL 
DISPLACEMENT  MARKER-STA.  143+00  CL 
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Lg!u- 


SqqqooQSSS 

ciooqciqciqcjci 
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q 

I 

1-8  2. 
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i-  s5- 
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US 


h  8 


OJ 


i  I 


l§§ 

q  q  q  c>  q 


(uA*.op  =  +  49^)  i,sara3^dsia 


G-73 


SAN  PEDRO  CREEK  TUNNEI 


O 

+ 

CO 

CO 

I 

CO- 

ci: 
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< 

iz; 

Qh 

CO 


1 


H  ?  □  d 
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i-8 


k 


CN 


OCOCD-^CNO^O^CMQCJ^^fflC; 

Sq55558o8S8888S5 

O’OOOOOo'Cio'CjCjCjCiCiCiC 

I  I  I  I  I  I 


(UMOP  =  +  439J)  lN3t\g3VldSia 


G-75 


150  250  m) 

BAPSID  TIME  (days  since  1M:)7/R8) 


i 


H-il 

O 


:z^ 

o 

o 

G 

pH 


UO 

ZN 

+ 

CO 


<3 

m 

i 

pp 

PP 

<1 

S:; 

PP 


►—H 

Ph 

CO 


Q 


1 


O  UD  OJ 

S  O  O 

C)  o  o  C5  cj  C) 


2  :£  R  ^  ^  . 

o  O  S  O  O  O  o 
CiCjCiC'CiCJCJCjCj 


(uMop  =  +  433i)  ihara^vidSia 


0  ICO  200  3C0  400 

50  150  250  350  450 

□.A^D  TIME  (days  since  11/07/«8) 


SAN  PEDRO  CREEK  TUNNEL 
DISPMCEMENT  MAI^KERS-STA.  143+80 


ELAPSLJ)  TM:.  (days  since  11/07/8S) 


SAN  PEDRO  CREEK  TUNNEL 


H-H 


Q 

(u\\op  =  +  433;)  iNQrac^ndSia 


G-78 


3  200  .30)  400 

150  250  550  450 

BJ4-S3)  TBvE  (days  since  11/07/88) 
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CO 
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1 
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pp 
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CO 
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(UMOP  =  +  439^)  iNO^QDTHdSia 


G-79 


100  200  HOC)  400 

VJO  250  3f50  450 

EUraj)  fWE  (days  since  11/07/ffi) 


SAN  PEDRO  CREEK  TUNNEL 


Q 

(uMop  =  +  430J)  iNSmOVIdSIQ 


G-80 


D  IWE  (days  since  11/07/88) 


TOKKEL  SIATIOH  lSS*i? 


04/06/89  ELAPSED  TIME  (days) 


SAN  ANTONIO  TUNNELS  PROJECT 
SAN  PEDRO  CREEK  TUNNEL 
ROCK  SOLT  LOAD  CELL  AT  STA.  158+47 
10.00  q  SEMI-FINAL  READING:  11/21/89 


(sd!>i)  C3V01  TViOi 


G-84 


(!sd)  SS3yiS  y3i3lN  NlVdiS 


G-85 


